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SUMMARY
Ocular injuries commonly occur in patients with facial 
fractures•
A study was carried out of 363 patients presenting during 
a 2-year period with midfacial fractures. Patients under­
went ophthalmological examination within one week of 
injury. The characteristics of the eye injuries sustained 
were related to the aetiology and type of fracture, and 
the sex and age of each patient.
Ninety-one percent of patients sustained ocular injuries 
of various severities. Sixty-three percent sustained minor 
injuries, 16% suffered moderately severe injury and 12% 
experienced severe injuries.
Road traffic accident was associated with the highest 
incidence of severe ocular disorder at 20% (9/45) followed 
by assaults at 11% (20/181). One third of all patients 
with comminuted malar fracture suffered a severe ocular 
disorder (9/27) whilst blow-out fracture came second at 
16.7% (6/36).
Fifty-six patients (15.4%) had a decrease in visual acuity 
and 9 (2.5%) sustained significant traumatic optic neuro-
21
pathy. Decrease in visual acuity accompanied the majority 
of significant eye injuries. Road traffic accidents and 
assaults associated with alcohol abuse showed the highest 
incidence of major ocular dysfunction.
Motility disorder was also common. Seventy-two patients 
(19.8%) developed diplopia which was most common following 
road traffic accidents (31%) and least common with simple 
falls (10%). Blow-out fractures of the orbit (n=36) led 
to double vision in 58% of cases (n=21). Eighty-two per­
cent of patients recovered from diplopia within six months 
of injury, 11% recovered within 6-12 months and 7% of 
patients took more than one year to recover including one 
patient who required squint surgery for double vision. The 
principal risk factors for diplopia comprise road traffic 
accidents, blow-out fractures and comminuted malar 
fractures. Early surgical reconstruction with conservative 
management of ocular motility disorders has, in this 
series, resulted in very few patients having diplopia in 
the long term.
Ocular injuries following facial trauma may be difficult 
to detect by the maxillofacial surgeon and may therefore 
be missed. Fifty-four parameters comprising maxillofacial, 
radiological and ophthalmic data were coded and recorded 
for each patient. These data were divided into predictors 
(the data potentially available to the maxillofacial
22
surgeon) and outcome (the data potentially available to 
the ophthalmologist). Statistical methods of regression, 
and analysis of contingency tables, led to the identifica­
tion of the principal predictors indicative of ophthalmic 
injury and thence to a scoring system which predicts the 
severity of such injuries. Impaired visual acuity was the 
principal predictor and when employed alone gave a sensi­
tivity value of 80%. Pure blow-out fracture or comminuted 
facial fracture, double vision and amnesia, emerged as 
additional factors which yielded an efficient scoring 
system with a sensitivity of 89% and specificity of 90% 
for the population upon which it was based.
This scoring system was tested in a pilot study upon a new 
population of 100 similar individuals. The sensitivity 
value was 94.4% and the specificity value was 89%. Only 
one patient, warranting ophthalmic referral, was missed by 
the system whilst nine were incorrectly classified as 
warranting referral.
Defects of convergence and accommodation are common 
sequels of head injuries, the two functions failing usual­
ly to a commensurate degree although either may occasion­
ally be separately deficient. A prospective evaluation of 
patients who have sustained midfacial trauma was carried 
out in order to determine the prevalence of impaired
23
convergence and accommodation and to establish the risk 
factors for such defects.
Of 52 patients in this study, 11 suffered accommodation 
and/or convergence disturbances. They included 6 males 
(17% of the male population) and 5 females (29% of the 
female population) whose ages ranged from 13 to 72 years 
with a mean age value of 30.2 years. Nine of these 11 
patients sustained their injuries due to alleged assaults 
(24.3% of all assaulted patients) and 2, following simple 
falls (25% of all fall victims).
Five patients complained of diplopia at near (5/11=45.5%) 
and another 4 of blurred vision and/or difficulty with 
reading (4/11=36.4%). The remaining 2 patients were 
asymptomatic•
Six patients were randomly selected to receive orthoptic 
exercises/treatment while the other five were monitored 
for signs of spontaneous recovery. Within six months of 
injury/surgery, 83% of the treated patients (n=5) and 80% 
of the non-treated patients (n=4) recovered to within the 
normal values of accommodation and convergence.
No significant statistical relationship was found between 
the incidence of accommodation and/or convergence failure, 
and the cause or the type of fracture sustained. It may,
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however, be related to the severity of impact and the 
associated closed head trauma.
A retrospective study of all patients treated for mid­
facial fractures in the preceding 2 years (n=555) was 
performed. The majority of patients in this group were 
managed by the maxillofacial team only. Ophthalmic consul­
tation and formal pre-operative ophthalmic assessment had 
been carried out in only 34 cases of midfacial fracture 
(6%).
Subconjunctival haemorrhage was the most frequently 
detected eye injury which affected 275 patients (49.5%). 
Pupils were tested for reaction to light and found to be 
either slow or non-reactive in 2% of all patients (n=12). 
Seventy patients (12.6%) were reported to have complained 
of diplopia while another 20 patients (3.6%) suffered of 
enophthalmos. Unspecified injuries to the globe were 
reported in 3 additional cases (0.5% of all patients). No 
other ocular or motility disorders were described.
Examination of data from the prospective and the retro­
spective series confirms that the accuracy of detection of 
ophthalmological disorder is higher when an ophthalmolo­
gist is involved in the clinical assessment of patients.
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The active and passive behaviour of the extraocular 
muscles can be investigated by the forced duction and 
force generation tests. Review of previous work has high­
lighted the limitations of designs and methods used. A 
quantitative apparatus for carrying out both tests has 
been developed. Stages of development and test procedures 
are described. The test system described provides a 
reliable and acceptable means for carrying out both tests.
Test results from normal eyes fell within a relatively 
narrow range while patients1 tests showed that specific 
ocular muscle deficits produced different patterns of 
results falling outside the normal range, and these were 
specific to the underlying pathology.
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ABBREVIATIONS
ADC Analogue to Digital Convertor.
ADGj^ rt. Input from the analogue to digital
convertor.
ADC^^^ Output from the analogue to digital
convertor.
CRP Central Resting Position.
CT Computed Tomography.
FDT Forced Duction Test.
FGT Force Generation Test.
F-Z suture Fronto-Zygomatic suture.
kHz kilohertz
kPa kilopascal.
mN milli-Newton » 10”  ^Newton.
MRI Magnetic Resonance Imaging.
mV milli-Volt = 10*“^  Volt.
NOE Naso-Orbito-Ethmoidal.
PVD Posterior Vitreous Detachment.
RPE Retinal Pigment Epithelium.
rps Revolution per second.
Type I # Undisplaced malar fracture (any site).
Type II # Zygomatic arch fracture only.
Type III # Tripod fracture with undistracted fronto
zygomatic suture.
Type IV # Tripod fracture with a distracted fronto
zygomatic suture.
Type V # Pure blow-out fracture of the orbit.
Type VI # Orbital rim fracture only.
Type VII # Comminuted malar fracture.
CHAPTER 1
THE ASSOCIATION OF OPHTHALMIC INJURIES 
WITH MAXILLOFACIAL TRAUMA
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1.1 INTRODUCTION
Facial fractures are frequently complicated by injury to 
the eye or its adnexa (Holt & Holt, 1983; Culbertson, 
1983; Berine et al, 1981; Petro, 1979; Dastoor, 1975). 
If they are severe enough, such injuries may be detected 
with ease by any medical practitioner. Other injuries may 
either appear to be minor, or even be missed without 
specialised equipment and appropriate expertise. These may 
result in potentially preventable severe dysfunction of 
the visual apparatus if not diagnosed shortly after injury 
(Holt & Holt, 1983; Binder, 1978). Proper and timely 
simple diagnostic procedures followed by appropriate 
therapy may mean the difference between permanent loss of 
sight or recovery of useful vision (Records, 1979).
Estimates of the incidence of ocular disorder vary between 
1% (McCoy et al, 1962) and 67% (Holt & Holt, 1983) and are 
dependent upon whether the evaluation is prospective or 
retrospective (Jabaley et al, 1975). Furthermore, the 
criteria employed to assess the severity of ocular 
disorder (Holt & Holt, 1983), and whether ophthalmologists 
or maxillofacial surgeons are responsible for carrying out 
the evaluation, significantly influence the interpretation 
of the results of such trials.
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1.2 HISTORY
Ocular injuries have long been found in association with 
fractures of the facial skeleton especially those of the 
orbital floor (Fradkin, 1971).
Lang (1889) was the first to suggest that a fracture of 
the orbit may be responsible for the condition he called 
'Traumatic Enophthalmos'. This was emphasized and further 
described by Pfiffer in 1943 and Converse and Smith in
1956, who later coined the term 'Blow-out Fracture'.
King and Samuel (1944) reported a case of blow-out 
fracture caused by a sudden increase in the intra-orbital 
pressure which had resulted from a traumatic force to the 
soft tissue of the orbit. In 1957, Smith and Regan 
suggested that blunt trauma to the orbit resulted in 
increased pressure of the intra-orbital contents thereby 
causing a downward fracture of the thin walled orbital 
floor. Swelling and the effect of gravity combine to 
produce an expansion of the orbital contents into the
maxillary sinus.
In recent years, a growing interest has developed in the 
relationship between facial trauma and the resulting
ophthalmic disorders. However, a review of literature 
shows wide reported variations in the incidence of such 
injuries (Petro et al, 1979). Most authors mention only
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briefly or fail to characterize specific ocular complica­
tions (Gwyn et al, 1971). On the other hand ophthalmolo­
gists report high incidences of ocular injuries because of 
the nature of referral to their practices (Petro et al,
1979). In one published series, McCoy (1962), a plastic 
surgeon, noted only a 1% incidence of ocular injury in 855 
patients with facial trauma. In contrast, Miller and 
Tenzel (1967) and Milauskas and Fueger (1966), all ophth­
almologists, reported incidences of 17% and 14% in 30 and 
84 patients respectively.
It is probable that the specialty of the authors involved 
(which may determine both the types of injury referred and 
the expertise in ophthalmic examination), is an important 
factor in the detection of ocular injury.
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1*3 ANATOMIC CONSIDERATIONS
The anatomy of the face has been reviewed in detail by 
Schultz (1988), Haskell (1985) and Last (1984). The 
following description reviews the salient anatomical 
features of the eye and face with reference to the 
potential involvement of such structures in eye injury.
1.3.1 Facial Bones
From the stand point of function and repair, facial bones 
are best considered by dividing the face into thirds 
(Jackson et al, 1987) (Fig 1.1).
The bones most vulnerable to injury in the upper third of 
the face are those of the frontal sinuses which form part 
of the glabella. Fronto-temporal fractures commonly 
extend farther posteriorly. They may, however, extend 
into the superior or the lateral orbital walls. supra­
orbital ridge fractures may extend into both the frontal 
sinuses and the roof of the orbit. Such injuries are often 
complicated by traumatic optic neuropathy (Katz et al, 
1983? Anderson et al, 1982; Wolter, 1979; Ketchum, 1976).
Fractures of the maxilla and related bones are frequently 
referred to as fractures of the middle third of the face
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(Haskell, 1985), In addition to the maxilla, the midface 
comprises the zygoma, lacrimal, nasal, palatine, inferior 
nasal concha and vomer bones (Schultz, 1988; Haskell, 
1985; Hollinshead, 1968). Although the sphenoid, frontal 
and ethmoidal bones are not classically facial skeleton 
bones, they are frequently traumatised in midfacial 
fractures and thus should be considered as part of the 
midfacial skeleton (Frost & Kendell, 1991). The calvarium, 
which contains the brain, is not considered a part of the 
midface. This region may, therefore, be more accurately 
defined as that area bounded above by a transverse line 
connecting the two zygomatico-frontal sutures, passing 
through the frontonasal sutures, and limited below by the 
incisal and occlusal plane of the upper teeth. 
Posteriorly, the region is demarcated by the spheno­
ethmoidal junction, but includes the free margin of the 
pterygoid laminae of the sphenoid bone interiorly. For 
convenience, fractures of the middle third of the facial 
skeleton may be divided into those involving the central 
middle third and those of the lateral middle third 
(zygomatico-maxillary) (Fig 1.1) (Haskell, 1985). The 
central middle third fractures (Le Fort II and III types) 
may be further subdivided into alveolar fractures, 
fractures of the dento-alveolar complex (Le Fort I type), 
naso-maxillary fractures, and naso-ethmoidal fractures 
(Haskell, 1985). The majority of the skeleton of the 
central middle third is composed of wafer thin sheets of
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Le Fort I
Transverse maxillary fracture
Le Port II
Pyramidal maxillary fracture
Le Port III
Cranio-facial disjunction
(B)
Figure 1.1 A: Bones of the midface divided into thirds.
B: Le Fort fractures.
(Reproduced by kind permission of the Oral and Maxillofacial 
Surgery Unit at Carmiesbum Hospital, Glasgow)
cortical bone with stronger bony reinforcement (Fried,
1980).
Fractures of the middle third of the face are the most 
difficult to diagnose, demonstrate, and treat (Schultz, 
1988). The midface contains the greatest concentration of 
functional bone structures: the orbits, the nose, the
palate, and the maxillary sinuses. The most prominent 
facial bones would be expected to be the most commonly 
injured, and has been proved true statistically (Schultz, 
1988). The zygoma (malar) fracture is next in frequency, 
with fractures of the orbital floor commonly occurring in 
association.
The lower third of the face comprises the mandible and 
teeth. The superior aspects of the mandible, the condyle 
and the coronoid process, are considered as part of the 
lower face (McVay, 1984; Hollinshead, 1968).
The facial bones form a compressible, energy absorbing 
shield for those vital organs which lie within and behind 
them. Such tissues - the eye, the lacrimal apparatus, the 
pharynx, the cervical spine and the brain are of prime 
concern to any surgeon responsible for treating facial 
injuries.
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1.3.2 Soft Tissue of the Face
Muscles of Facial Expression
Although this group of muscles does not have a strong 
influence on the displacement of fractures, soft tissue
damage found in major maxillofacial trauma as well as
various surgical approaches necessary to repair deeper 
structures will invariably affect these muscles (Frost & 
Kendell, 1991).
The Facial Nerve
Damage to the facial nerve is possible in severe maxillo­
facial injuries or penetrating wounds in the area of the
course of the nerve and with fractures of the base of the
skull and would result in ipsilateral paralysis of the 
muscles of facial expression (Frost & Kendell, 1991). In 
general, surgical repair of a divided facial nerve is only 
partially successful (Schultz, 1988).
Sensory Nerve Supply
The skin overlying the posterior portion of the masseter 
muscle receives its sensory supply from the posterior and 
anterior branches of the upper cervical nerves. Otherwise, 
facial sensation is provided entirely by branches of the
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trigeminal nerve (McVay, 1984; Hollinshead, 1968). Injury 
to the branches of this nerve rarely results in permanent 
anaesthesia of the face (Schultz, 1988). This is partially 
due to nerve regeneration and in part to the rich over­
lapping system of undamaged nerves. It is not necessary to 
repair these small sensory nerves (Piddle, 1968).
Vascular Supply
Arteries
The superficial arterial supply of the face is entirely 
from the external carotid artery while the upper face and 
the nasal cavity are supplied by branches of the internal 
carotid artery (McVay, 1984). Despite this fact, uni­
lateral or even bilateral ligation of the external carotid 
artery usually is ineffective in permanently controlling 
facial wound haemorrhage. This is because of the rich 
anastomoses with branches of the internal carotid artery 
(Haskell, 1985).
Veins
Venous bleeding from facial wounds seldom causes serious 
problems (Schultz, 1988). However, venous haemostasis may 
be problematic following fractures or surgical procedures 
involving the ethmoidal sinuses due to the lack of access
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-to bleeding points (Schultz, 1988). The potential retro­
grade spread of infection in the post operative phase in 
the trauma patient is an uncommon but grave complication 
of venous disruption (Frost & Kendell, 1991).
1.3.3 The Orbit and its Contents
Introduction
The orbit contains the eye and its accessory structures. 
The globe of the eye takes up one quarter of the volume of 
the orbit. The configuration of the bony structure of the 
orbit is that of a pyramid with its base facing anteriorly 
having a volume of approximately 35 cc (McVay, 1984).
The medial wall is the thinnest wall of the orbit, but it 
derives some increased strength by the trabeculization of 
the ethmoid air cells (Wolff, 1968). The orbital rim is 
the strongest portion and is derived from the frontal, 
maxillary, and zygomatic bones. It is thickest laterally 
and inferiorly where it comprises part of the zygomatic 
bone, becoming more prominent as it passes superiorly to 
form the external angular process. Both superiorly and 
inferiorly the orbital margin becomes progressively 
thinner and weaker as it becomes related to the frontal 
and maxillary sinuses respectively. Medially, the rim 
merges imperceptibly with the nasal and lacrimal bones
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where it is totally devoid of support because of the 
underlying nasal cavity (Wolff, 1968),
Orbital Connective Tissue
A definite structural organisation is demonstrable in 
human orbital connective tissue and the adipose tissue 
compartments lying in between (Koornneef, 1992). All the 
eye muscles have their own specific connective tissue 
systems the morphology of which has a complex three 
dimensional matrix (Koornneef, 1976).
The photographic reconstruction technique developed by Los 
(1970) and used by Koornneef (Koornneef & Los, 1975) to 
reproduce the spatial architecture of the human connective 
tissue has revealed that each ocular muscle has its own 
characteristic large attachment area to the relevant 
orbital wall in addition to the areas of insertion.
Orbital connective tissue can be considered as an 
important additional locomotor mechanism closely 
integrated with the ocular muscles, the optic nerve, the 
central nervous system, the eyeball, the eyelids, the 
lacrimal gland, and the intraorbital fat, all forming a 
functional anatomical entity (Koornneef, 1978). Hernia of 
the orbital contents into the maxillary antrum may contain 
muscles along with the entire motility apparatus near the
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orbital floor (i.e, the connective tissue septa of the 
muscles and the fat cushions in the fracture region) 
(Koornneef, 1992). This probably explains why, in cases 
of blow-out fractures of the orbital floor, the vertical 
motility disturbances nearly always have the character­
istics of incarceration of the inferior rectus and 
inferior oblique muscles together (Koornneef, 1992). In 
some cases, however, the clinical picture of a blow-out 
fracture is seen when entrapment of fascial septa alone is 
demonstrable.
The Orbit in Maxillofacial Injuries
The orbit is invariably involved in depressed fractures of 
the zygomatic bone and the Le Fort II and III level 
fractures of the central middle third of the face 
(Converse et al, 1961). It may also be involved in
fractures of the frontal bone and naso-ethmoidal complex. 
A fracture of the orbit without involvement of the rim is 
termed a 'blow-out fracture1 (Converse & Smith, 1957)
which is most common in the thin area of bone of the
orbital floor medial to the inferior orbital fissure
(Converse & Smith, 1960). The fracture is almost invariab­
ly caused by a blunt object of greater circumference than 
the orbital aperture, such as a fist or a cricket ball, 
striking the eye and creating a rapid increase of pressure 
within the orbit (DeHaven & Harle, 1966; Smith & Regan,
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1957). However, a direct compression or buckling force on 
an orbital rim has also been suggested as a causative 
factor in the production of a blow-out fracture (Fujino & 
Makino, 1980; Fujino, T, 1974). Recently, Phalen and asso­
ciates (1990) were able to simulate a focal injury to the 
face by striking the inferior orbital rim of dried skulls 
with a lead weight causing segmented fracture of the 
orbital floor without the pressure of the eyeball.
Blow-out fracture of the orbital floor may be accompanied 
by herniation of fat, or more rarely, the inferior rectus 
or the inferior oblique muscle into the maxillary sinus. 
The entrapment of the orbital tissue and fascial septa in 
the antrum causes imbalance of the extraocular muscles and 
diplopia (Heller, 1970). It may also cause enophthalmos 
(Berkowitz et al, 1981) and infra-orbital anaesthesia 
(Piddle, 1968).
Blow-out fracture of the medial wall is frequently seen in 
association with fracture of the floor of the orbit (de 
Visscher & van der Wal, 1988; Miller & Glaser, 1966) and 
has been attributed to an increase in the intra-orbital 
pressure (Linhart, 1943). The reported incidence of medial 
orbital wall fractures varies considerably in the 
literature. Cadaver studies into the mechanism of orbital 
floor blow-out fractures indicated an incidence of 
isolated medial wall fractures varying from 18% (Jones &
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Evans, 1967) to 31% (Pearls & Vistnes, 1978) and of 
concomitant medial and inferior wall blow-out fractures 
between 12% (Jones & Evans, 1967) and 38% (Pearls & 
Vistnes, 1978), An isolated fracture of the medial orbital 
wall with entrapment of the medial rectus muscle is 
uncommon (Rumlet & Ernest, 1972). Blow-out fractures of 
the orbital roof are rare (Curtain et al, 1982).
Isolated mandibular and nasal fractures are rarely asso­
ciated with ophthalmic complications (Holt & Holt, 1983). 
The optic foramen, situated within the lesser wing of the 
sphenoid bone and surrounded by relatively dense bone, is 
usually protected from involvement in fracture lines 
(Haskell, 1985). For this reason, direct injury to the 
optic nerve is unusual. The optic nerve and its surround­
ing membranes constitute a direct extension of the brain. 
Any injury to these structures is particularly serious 
since early blindness may occur (Wolin & Lavin, 1990).
The Extra-ocular Muscle Movements
Eye movements are frequently impaired following facial and 
head injury and muscle imbalance is a common complication 
in zygomatico-orbital fractures (Yee et al, 1975). Muscle 
involvement can be direct; it may be caused by entrapment 
in the fracture line of the muscle, the tendon, or more 
commonly the adjacent fascial septa. Disorders of ocular
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motility may also be due to central or peripheral damage 
to the cranial nerves supplying the muscles, or massive 
orbital oedema or haemorrhage (Smith et al, 1971; Cole & 
Smith, 1963),
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1.4 FACIAL TRAUMA: CLASSIFICATION AND MANAGEMENT
1.4.1 Classification
The reconstruction of the midface following trauma demands 
uncompromising care. The face is intimately bound up with 
one's self image and is a region that is responsible for 
the senses of vision and smell and for providing the voice 
and its resonance through the presence of the air sinuses 
(Lew & Sinn, 1991).
Injuries to the face may be broadly divided into two 
groups: injuries to soft tissue and injuries to bone. The 
eye is a specialised organ, injury to which is considered 
as associated trauma (Schultz, 1988).
Soft Tissue Injuries
Soft-tissue injuries of the face may be clean lacerations, 
contused lacerations, abrasions, puncture wounds, shaved 
wounds or wounds associated with thermal or blast damage 
(Davis & Shaheen, 1985).
Windscreen injuries are likely to contain glass which may 
or may not be radio-opaque. Note should be made of the 
material causing a facial abrasion. If this is asphalt, 
coal, or other dusty material, particles of dirt may well
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be embedded in the wound but, because of the blood, are 
not always initially obvious (Davis & Shaheen, 1985). An 
underlying bony injury may or may not be present but
should be suspected if any of the previously described
signs and symptoms are observed.
Facial Bone Fractures
Various classifications are available for frontal and mid­
facial fractures. For the purpose of this study, we have 
used the classification adopted by the Oral and Maxillo­
facial Surgery Unit at Canniesburn Hospital in Glasgow,
which is as follows:
Malar Fractures
The classification of malar (zygomatico-orbital) fractures 
was designed by Mr Henderson of Canniesburn Hospital, 
Glasgow in 1973 (unpublished) to simplify identification 
of these fractures and to enable treatment modalities for 
each type to be instituted, computerised, and later 
analysed (Ellis et al, 1985). Henderson divided malar 
fractures into seven anatomical types (Table 1.1).
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Type Description of Fracture
I Undisplaced fracture (any site)
II Zygomatic arch fracture only
III Tripod fracture with undistracted F-Z suture
IV Tripod fracture with distracted F-Z suture
V Pure blow-out fracture of the orbit
VI Fracture of the orbital rim only
VII Comminuted fracture or other than the above
Table 1.1 Henderson's classification of malar fractures.
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Maxillary Fractures
Identification of these fractures is according to the Le 
Fort classification (Le Fort, 1900), subsequently extended 
by the Oral and Maxillofacial Unit at Canniesburn Hospital 
(Table 1.2).
Other Fracture Sites
These comprise nasal, naso-orbito-ethmoidal (NOE) and 
frontal sinus fractures (Converse & Smith, 1963; Stranc, 
1970 a & b)•
1.4.2 Management
The management of maxillofacial injury has been extensive­
ly reviewed by Fonseca & Walker (1991), Schultz (1988) and 
Rowe & Williams (1985).
Diagnosis
After assessment and management of the patient's overall 
injuries, the facial injury is evaluated and treated. A 
comprehensive diagnosis and classification of facial 
injuries is made before starting treatment. The diagnosis
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Type Description of Fracture
Le Fort I Transverse maxillary fracture
Le Fort II Pyramidal maxillary fracture
Le Fort III Cranio-facial disjunction
Additional classifications include:
Any combination of Le Fort I, II or III 
Fracture of the tuberosity of maxilla 
Alveolar fracture excluding tuberosity fracture
Table 1.2 Classification of maxillary fractures.
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is established by observation, palpation and radiological 
examination (Schultz, 1988).
Observation
The face is observed for evidence of lacerations and the 
globe is examined for ocular injury. The symmetry of the 
face is observed, and any asymmetry which is greater than 
normally expected is recorded.
Palpation
Palpation of the bony prominences of the face is carried 
out and comparison of the relative heights of the malar 
eminences is performed. Tenderness can usually be elicited 
at the site of a facial bone fracture.
Radiological Examination
Gross facial bone fracture can be diagnosed clinically. 
Nevertheless, radiological studies play a definite part in 
the evaluation and documentation of facial injury. The 
most informative radiographic views and the structures 
they show most clearly are as in Table 1.3.
More precise or additional information can sometimes be 
obtained by use of linear tomography (laminography), which
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Structures seen Radiological view
Occipito-mental plane Waters' view
Facial bones (1) Posterior - anterior view of 
facial bones
(2) Lateral view of facial bones
Nasal bones (1) Lateral view of nasal bones
(2) Occlusal view of nasal bones
Mandible (1) Posterior - anterior view of 
mandible
(2) Oblique view of mandible
(3) Occlusal view of mandible
(4) Towne view for ascending rami 
and condyles
Zygomatic arch Tangential views
Table 1.3 Radiological views in facial fracture.
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was the radiographic procedure of choice in the diagnosis 
of fractures of the middle third of the face until the 
introduction of computed tomography. It is a technique 
which brings into focus a given plane onto x-ray film 
whilst the other planes are deliberately blurred (Marsh et 
al, 1988). However, its definition of soft tissue is 
usually poor (Gould & Titus, 1966),
Hypocycloidal tomography (polytomography) differs from 
linear tomography in that the x-ray tube and film 
describe a hypocycloidal movement rather than a linear 
arc. It produces thinner slices giving more detail and 
less artefact than laminography. The efficiency and 
accuracy of this technique in evaluation of orbital floor 
fracture is said to be better than plain radiography or 
linear tomographic techniques (Dodick et al, 1969).
The technique of positive contrast orbitography which 
involves the injection of a solution of contrast medium 
along the orbital floor, external to the muscle cone has 
been deemed useful in the diagnosis of blow-out fractures 
of the orbital floor (Milauskas et al, 1966), though it is 
now rarely, if ever used.
Ultrasonography uses high frequency sound waves to produce 
echoes as they strike interfaces between acoustically 
different structures. The B-scan produces a two-dimension­
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al picture of orbital structures and can be employed to 
accurately visualise breaks in the normal contour of the 
orbital wall and demonstrate soft tissue prolapse (Ord et 
al, 1981), There is no known radiation hazard.
Computed tomography (CT) has given an entirely new scope 
to the diagnostic aspect of head and maxillofacial 
injuries. CT scanning is a non-invasive technique which 
has the unique facility to give clear anatomical pictures 
of hard and soft tissues in axial, coronal and sagittal 
planes of section (Yamamoto et al, 1983). A three dimen­
sional pictorial assessment of all the tissues of the head 
and face is now feasible. A definite place has been estab­
lished for CT scanning in the diagnosis of major maxillo­
facial, orbital, and naso-ethmoidal injuries, especially 
when associated with head injury (Sinn & Karas, 1991).
CT examinations are most valuable in the diagnosis of mid­
face fractures which extend from the supraorbital rim to 
the maxilla (Gerlock et al, 1981). Furthermore, CT can 
demonstrate air or haemorrhage in the cranium, orbits, 
and/or soft tissues; suspected cervical spine injuries may 
also be examined at the same time as cranial or facial 
views are taken (Sinn & Karas, 1991). Injuries associated 
with the orbits and paranasal sinuses may require coronal 
views, which show the horizontal displacement of the 
zygoma, to establish the full extent of the injury (Leib,
1986), Fractures of the roof of the orbit and the 
cribriform plate are also shown better on coronal views 
(Leib, 1986).
Magnetic resonance imaging (MRI) is a technique with great 
potential. Experiments describing the phenomenon of mag­
netic resonance were first reported in 1946 by Bloch and 
associates. MRI produces tomographic images of the body 
which have excellent spatial resolution. The technique 
involves placing a patient within a strong, uniform 
magnetic field, delivering a pulse of radio waves and 
recording the emitted signal (Underwood & Firmin, 1987).
Both CT and MRI scanning rely on reconstructive tomography 
and modern computing technology for the representation of 
anatomical cross-sections. However, CT has definite advan­
tages over MRI in the diagnosis of facial fractures. The 
x-ray-generated CT allows better detailing of bony anatomy 
which is extremely helpful in the evaluation of fractures 
(Sinn & Karas, 1991).
If after exhausting all the available means of inves­
tigation, the surgeon remained uncertain as to the exact 
nature of fracture, surgical exploration provides the only 
definitive means of diagnosis.
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Treatment
It is the rule at the Oral and Maxillofacial Surgery Unit 
at Canniesburn Hospital in Glasgow to operate within two 
weeks of injury. The line of treatment of individual 
facial fractures and the techniques used and procedures 
followed are those generally accepted as standard by the 
profession. Details of treatment and surgical procedures 
employed are out of the scope of this study and have been 
reviewed by Fonseca & Walker (1991) and Rowe & Williams 
(1985). A short account is given here.
Unless associated with soft tissue injury or other comp­
lications, undisplaced fractures of the zygomatico-orbital 
complex are left without intervention. They usually heal 
well. On the other hand, displaced fractures are reduced 
and depressed fractures elevated. Fixation of these frac­
tures may or may not then be required for stabilization. 
Various materials and methods are available for this 
purpose. Pins, wires, K wires and antral packs, have all 
been used. Sometimes a combination of two or more of 
these methods is needed.
Blow-out fractures do not constitute an emergency (Catone 
et al, 1988) and are sometimes left untreated unless comp­
licated by orbital tissue entrapment and ocular or 
motility disorders. In such cases the orbital floor is
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exposed through the lower lid (transpalpebral), the con­
junctiva (transconjunctival) or via the maxillary antrum 
(Caldwell-Luc procedure). Trapped soft tissue is then 
freed. The orbital floor is reconstructed by inserting a 
bone graft taken from the patient's iliac crest, or an 
alloplastic material such as a silastic sheet which can be 
cut to shape and size needed. Alternatively, it can be 
supported from below by an antral pack. The forced 
duction test is then performed to ensure free motility of 
the eye.
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1.5 BLUNT TRAUMA TO THE EYE: PATHOGENESIS AND CONSEQUENCES
The association of ocular injuries with facial trauma, 
especially fractures of the orbital floor, is well 
recognised (Petro, 1979). A number of factors protect the 
globe from injury. These include the prominence of the 
bones of the orbit and the natural reflexes of self­
protection, namely blinking, averting the head, and 
protecting the eye with hand or forearm. Despite these 
factors, the eye may sustain injury, but the resilient 
structure of the globe allows it to withstand blows of 
considerable force without rupture. The following des­
cription reviews the salient clinical features of such eye 
injuries and motility disorders.
1.5.1 Blunt Ocular Trauma
It is essential to perform a complete ophthalmic examin­
ation in every case of blunt trauma to the eye and orbit 
(Benson et al, 1991). All trauma to the face, particularly 
above the level of the mouth, requires a careful ocular 
examination, including an estimation of the visual acuity 
of each eye if consciousness permits (Duguid, 1985). This 
is important for future decision making and to elicit 
evidence of ocular damage for medico-legal purposes. If a 
Snellen chart is not available, the ability to read a 
newspaper with an appropriate spectacle correction gives
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some indication of the visual function, A careful assess­
ment of pupillary reactions is necessary. The examiner can 
detect retinal or optic nerve damage by using the swinging 
flashlight test (Slamovits & Glaser, 1991) to demonstrate 
an afferent pupillary defect.
Mechanisms Ocular Damage
Blunt trauma causes ocular damage by the coup mechanism, 
by the contre-coup mechanism, or by ocular compression and 
distortion.
Coup and contre-coup
Courville introduced the concept of coup and contre-coup 
injury to explain brain damage caused by trauma to the 
head (Courville, 1962; 1942), Coup refers to local trauma 
at the site of impact. Contre-coup refers to distant 
injuries caused by shock waves that traverse the brain to 
the opposite side of the skull. Wolter later used these 
concepts to explain eye injuries (Wolter, 1963). Examples 
of coup injuries are corneal abrasions, subconjunctival 
haemorrhages, and retinal necrosis (Blight & Hart, 1977). 
The best example of contre-coup ocular injury is commotio 
retinae (Hart & Frank, 1975).
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Anterior-posterior Compression and Horizontal Expansion
The volume of a fluid filled indistensible enclosed space 
cannot be changed. Therefore, when the eye (which has 
limited distensibility) is compressed along its antero­
posterior axis, it must either expand in its horizontal 
plane or rupture. Using high speed photography, Delori 
and associates studied blunt trauma in enucleated pig eyes 
(Delori et al, 1969). The cornea was indented by up to
8.5 mm, reducing the original antero-posterior axis by 41% 
and bringing the posterior surface of the cornea into 
contact with the iris and the lens. The equatorial plane 
circumference was expanded to 128% of its original length. 
In a similar study, Weidenthal & Schepens (1966) subjected 
enucleated pig eyes, which were mounted in 10% gelatin, to 
contusion. The eyes exhibited intraocular changes similar 
to those in eyes traumatised in situ. Apart from damage 
to the lens, these changes included detachment of the 
nasal ora serrata, nasal retinal dialysis, festoon forma­
tion, peripheral pigmentary changes, and tears in the 
ciliary epithelium of the pars plana. Damage to the nasal 
ora serrata was most common when the site of impact was 
near the centre of the cornea. It was necessary to strike 
the globe near the temporal limbus to produce a temporal 
retinal dialysis. It was concluded that much of the 
damage which was produced experimentally in the fundus 
periphery was the result of rapid equatorial expansion and
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oscillation of the ocular coats following impact. 
Temporal retinal dialysis was probably caused by local 
deformation of the sclera near the temporal ora serrata.
Eyelids
Haemorrhage
Bruising of the eyelids may arise from local or remote 
extravasation of blood spreading into the palpebral region 
because of the tissue laxity. This gradually absorbs but 
rarely infection arises. Such bruising is usually benign, 
but it may be related to severe ophthalmic injury 
(Culbertson, 1983). Careful examination of the eye is 
thus required in each case.
Haemorrhage and oedema of the eyelid may cause ptosis; 
this is essentially a mechanical problem which, by virtue 
of the extra bulk or weight of the involved eyelid, causes 
it to droop. With spontaneous absorption of the oedema 
and haemorrhage, the eyelid should gradually rise to its 
normal level without treatment (Arden & Moore, 1989).
Ptosis due to traumatic third nerve paresis requires no 
immediate treatment but should be left for about six 
months, as spontaneous recovery ensues in many instances 
(Russell, 1960)•
58
Laceration
Lacerations of the eyelids are divided into two groups: 
those that are parallel to the eyelid margin and hence do 
not gape, and those that involve the eyelid margin and are 
drawn apart by traction of the fibres of the orbicularis 
oculi muscle (Newell, 1986). Suturing is generally desi­
rable with careful apposition of the wound edges using a 
fine suture material such as 5/0 collagen for deep tissue 
and 6/0 silk for the skin. Wounds of the lid margins 
merit special attention to avoid the sequel of a notch or 
defect (Culbertson, 1983).
Conjunctiva
Damage to the conjunctiva is rarely serious, but great 
care should be taken during examination because perforat­
ing or lacerating injuries of the bulbar conjunctiva may 
conceal a perforating or penetrating wound of the under­
lying sclera (Lichenstein, 1991; Martin, 1988).
Blunt injuries to the conjunctiva usually cause oedema 
(chemosis) but this resolves spontaneously. A breach of 
one or more conjunctival capillaries gives rise to subcon­
junctival haemorrhages. Although unsightly, these haemor­
rhages gradually absorb without treatment. Haemorrhage 
from osseous fracture cannot be visualised at its poster­
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ior border irrespective of the ocular position. There is 
usually a latent period of several hours following the 
fracture before such haemorrhage becomes subconjunctival.
Lacerations of the conjunctiva usually merit suturing 
unless they are small, using fine suture materials such as 
6/0 collagen, 6/0 cat gut or 8/0 vicryl.
While oedema and haemorrhage into the soft tissues are 
prominent features of orbital fractures, the escape of air 
from the maxillary or ethmoid sinuses into the orbit 
(orbital emphysema) is not infrequent. This air may pass 
forward below the conjunctiva giving a bulbous appearance 
and crepitation on palpation (Jordan et al, 1988; Coppeto, 
1987) .
Cornea
Abrasions of the corneal epithelium (Fig 1.2) are common, 
but since they heal rapidly, they are of little long term 
consequence unless complicated by recurrent abrasion. 
Endothelial damage can be more serious (Cibis et al, 
1978). A local concussion (coup effect) can rupture 
endothelial cells and the tight junctions between them. 
In addition, in severe injuries the endothelium can be 
further damaged by being pushed against the iris and the 
lens. The transient corneal oedema usually clears
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promptly, but endothelial damage can be permanent 
(Slingsby & Forstot, 1981). Hyphaema (Fig 1.3) probably 
results, in most cases, from tearing of blood vessels at 
the root of the iris (Tonjum, 1966). Follow up studies of 
patients with traumatic hyphaema show endothelial cell 
loss that correlates with the severity of the initial 
injury (Cibis et al, 1978; Bourne et al, 1976). When a 
total hyphaema and a high intraocular pressure are 
present, the damaged corneal endothelium permits erythro­
cyte fragments to enter the corneal stroma. The resultant 
corneal blood staining clears spontaneously, but this may 
require many months. The central cornea clears last 
(Slingsby & Forstot, 1981).
In injuries severe enough to rupture the corneal stroma, 
the wound usually crosses the limbus into the adjacent 
sclera (Cherry, 1978; Cherry, 1972).
Lacerations of the cornea vary greatly in their extent. A 
small superficial tear will often heal without interven­
tion but rupture of Bowman's membrane leaves opacifi­
cation. Deep corneal lacerations usually require suturing 
especially if associated with a flat anterior chamber or 
incarcerated tissue. All incarcerated tissue should be 
removed or freed from the wound, the corneal wound 
repaired meticulously, and the anterior chamber re-formed 
to prevent synechiae.
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Figure 1.3 Hyphaema secondary to blunt eye injury.
Stellate lacerations with retraction of corneal stroma 
should be accurately sutured. If there is leakage of 
aqueous, surgical adhesive and a bandage lens may be 
applied. If such treatment is not sufficient, or if there 
is evidence of corneal tissue loss, a patch graft is 
indicated (Goldberg and Paton, 1976; Troutman, 1974).
Anterior Uvea
When the cornea is abruptly forced backward by severe 
blunt trauma, it presses the iris against the lens 
preventing the escape of aqueous into the posterior 
chamber. If enough force is applied, the entrapped
aqueous is thought to dissect into the ciliary body, most 
commonly into its anterior face resulting in angle reces­
sion (Kaufman & Tolpin, 1974). Tearing of the ciliary 
body is responsible for about 90% of the hyphaemas seen 
after blunt trauma (Read and Goldberg, 1974; Tonjum, 
1966). Haemorrhage may also occur if the iris is sepa­
rated from the ciliary body (iridodialysis, fig 1.4) or if 
the sphincter muscle is ruptured.
After blunt trauma to the eye the intraocular pressure may 
be normal, increased, or decreased. Aqueous out-flow may 
be decreased because of angle recession, inflammatory 
trabeculitis, or hyphaema. Ciliary body injury tends to
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decrease aqueous inflow. The intraocular pressure depends 
on the balance of these factors (Benson et al, 1991),
It is thought that the pressure rise is caused by trabec­
ular damage and not by the angle recession itself (Yanoff 
& Fine, 1975). However, the larger the area of recessed 
angle the higher the incidence of glaucoma. Nine percent 
of patients with angle recession develop glaucoma (Kaufman 
and Tolpin, 1974). It is important to be aware of the 
fact that the glaucoma may not develop until many years 
following the injury. For that reason, Kaufman and Tolpin 
advocated that all patients with extensively recessed 
angles (180° or more) should be examined periodically for 
late glaucoma. However, the number of patients in their 
study (n=33) is too small to allow such generalisations to 
be made.
Blunt injuries to the eye may give rise to traumatic 
miosis or mydriasis of the pupil. Such a defect is usually 
permanent (Duguid, 1985). A mydriasis, which is due to 
pupil sphincter rupture (Fig 1.5), is prominent after 
severe concussion of the eye and is usually accompanied by 
paresis of accommodation (Martin, 1988). A spastic miosis 
is common after less severe injury to the globe. In such 
cases, miosis may be accompanied by a transient spasm of 
accommodation brought about by axonal reflexes. This spasm
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Figure 1.4 Iridodialysis.
Figure 1.5 Traumatic mydriasis.
m
m
may be followed within minutes or hours by paralytic 
mydriasis (Benson et al, 1991).
Care should be taken to exclude other causes of pupillary 
dilatation, such as antecedent Adie's pupil and, in the 
unconscious patient, an oculomotor nerve palsy resulting 
from intracranial injury with tentorial herniation of the 
cerebrum.
Prolapse of the iris through a perforating wound leads to 
distortion and peaking of the pupil towards the perfora­
tion which requires immediate surgical intervention.
Lens
Trauma is the most common cause of unilateral cataract 
(Fig 1.6) in young individuals and concussion injuries may 
lead to the development of Vossius' ring due to an 
•imprinting1 of iris pigment onto the anterior lens 
capsule (Britten, 1965). A concussion injury may also 
cause a transient anterior subcapsular cataract, known as 
rosette cataract. This may progress to involve the whole 
lens (Ioannides et al, 1988).
Blunt trauma to the eye may cause subluxation (Fig 1.7) or 
total dislocation of the lens (Ioannides et al, 1988;
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Figure 1.6 Traumatic posterior subcapsular cataract.
Milauskas & Fueger, 1966). In some cases the lens itself 
can rupture and cause phacolytic glaucoma (Martin, 1988).
Ciliary Body
Damage to the ciliary body can result in impairment in the 
formation of aqueous and a consequent reduction in intra­
ocular pressure. Moreover, injury to the ciliary muscle 
gives rise to impairment in accommodation, which is a 
fairly common short-term sequela of eye injury. There is 
no specific treatment for either of these conditions. The 
intraocular pressure is normally restored shortly after 
injury, and accommodation similarly recovers spontaneously 
in most cases.
Traumatic cyclodialysis is unusual and results from severe 
blunt ocular injury (Read & Crouch, 1991). A persistent 
very low intraocular pressure may indicate that cyclo­
dialysis has taken place.
Retinal Injuries
Commotio Retinae (Fig 1.8)
This is a contre-coup injury. It is a retinal oedema which 
can occur peripherally or centrally, at the macula. When 
transient and reversible, it may be called Berlin's oedema
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(Berlin, 1873). Immediately, and for several hours after 
trauma, the retina may appear normal, although the patient 
may complain of decreased vision. Thereafter the affected 
area becomes opalescent with an ill defined periphery.
The visual acuity in commotio retinae varies from 6/6 to 
6/60 and does not always correlate with the degree of 
retinal oedema. The majority of patients report a rapid 
improvement in vision during the first 40 minutes or so 
after injury (Hart & Frank, 1975). Prognosis is usually 
excellent except in cases with associated subfoveolar 
choroidal rupture. Poor visual recovery can also be
expected in cases with severe retinal pigment epithelial 
damage. This, usually is preceeded by serous retinal de­
tachment, which can be confirmed by leakage of fluorescein 
into the subretinal space (Friberg, 1979; Hart & Frank, 
1975). Experimental studies have shown that following 
severe injury, produced by firing a pellet from a modified 
airgun, fragmentation of the photoreceptor outer segments 
and damage to the retinal pigment epithelium occur the 
site of impact and gradual regeneration of the photo­
receptor segments subsequently takes place (Blight & Hart, 
1975).
The late manifestations of blunt injury to the retinal 
pigment epithelium (RPE) vary from minor atrophic changes 
to massive hyperplasia and migration of the RPE cells.
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This latter condition results in bone corpuscular and 
granular pigmentation that resembles retinitis pigmentosa 
(Bastek, 1981; Crouch and Apple, 1974; Cogan, 1969). 
Total retinal destruction of all retinal layers can occur 
in some cases (Crouch and Apple, 1974).
In rare cases, retinal contusion causes cystoid macular 
oedema which may, in turn, progress to a macular cyst or 
hole (Friberg, 1979). A macular hole (Fig 1.9) can also 
be caused by acute posterior vitreous detachment with 
foveal traction (Friberg, 1979). In this case an overlying 
operculum is seen.
Retinal Tears
Necrotic Tears
If a blunt object strikes the eye posterior to the ora 
serrata, the direct concussive effects on the retina (coup 
effect) may cause full thickness retinal necrosis with 
subsequent retinal detachment (Cox & Freeman, 1979).
Vitreous Traction Tears
Weidenthal and Schepens (1966) concluded from their study 
of non-perforating trauma to enucleated pig eyes that 
rapid equatorial expansion is responsible for tears at the
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Figure 1.9 Macular hole.
anterior and posterior borders of the vitreous base. When 
the eye is rapidly compressed, the eye does not have time 
to stretch. As a consequence, there is strong traction 
at the vitreous base that may cause tears at its anterior 
and posterior borders• Nasal retinal tears were most 
common when the site of impact was near the centre of the 
cornea whilst temporal tears were probably caused by local 
deformation of the sclera near the temporal ora serrata.
Whatever the mechanism, a portion of the vitreous base can 
be avulsed from the retina and pars plana. The appearance 
of this avulsion is pathognomonic of blunt trauma and may 
have considerable medico-legal importance (Weidenthal & 
Schepens, 1966). In most cases of severe trauma, the 
vitreous base does not separate clearly from the retina 
and pars plana epithelium. It remains adherent, thus 
tearing these structures. The retina can be torn along 
the posterior margin of the vitreous base, or the non- 
pigmented pars plana epithelium can be torn along the 
anterior margin of the base, or both can be torn 
simultaneously. Tears along the anterior and posterior 
margins of the vitreous base are common inferotemporaly 
and superonasaly. When located superonasaly, they are 
usually caused by trauma (Hagler & North, 1968). There is 
some controversy as to whether inferotemporal tears along 
the vitreous base are all traumatic or whether they can be 
familial and developmental (Ross, 1981; Verdaguer et al.
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1975). Tasman's clinical study (1972), in which he pro- 
spectively followed up, for two years, 52 patients who had 
sustained ocular contusion, confirmed Weidenthal1s 
experimental evidence that tears caused by blunt trauma 
nearly always occur at the time of injury. Nine of 52 
patients had dialysis diagnosed within three weeks of 
injury while a tenth patient was found to have a dialysis 
when his vitreous haemorrhage cleared four months after 
injury. Other investigators have confirmed this conclusion 
(Sellors & Mooney, 1973)
Stretch Tears
If the retina is too inelastic to stretch when the eye 
expands horizontally, retinal breaks concentric to the 
optic nerve are produced. These breaks have the unusual 
tendency to be partially self-sealing. In some cases the 
retina remains attached. In others it detaches (Benson et 
al, 1991).
Retinal and Vitreous Haemorrhage
If the retina is torn, blood vessels which bridge the 
tears may bleed into the vitreous (Cox et al, 1966). 
Vitreous haemorrhage can also result from acute posterior 
vitreous detachment (PVD) and avulsion of superficial 
retinal vessels (Cox & Freeman, 1979). A third possible
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mechanism is rupture of the ciliary body (Benson, et al, 
1991). In many cases the source of bleeding is never 
found•
Retinal haemorrhages may be small or large, single or 
multiple and varied in position. They usually absorb slow­
ly either spontaneously or with proliferative neovascular- 
isation from the retinal vasculature. Occasionally, 
fibrosis in the vitreous can result in a tractional 
retinal detachment (Cox & Freeman, 1979).
Retinal Detachment
The distortional effects of concussive injury may cause 
retinal detachment (Fig 1.10). The vitreous gel is firmly 
adherent to the peripheral retina, and the acute coronal 
distension that accompanies anteroposterior blunt eye 
injury can result in a retinal tear (Delori et al, 1969). 
This condition causes a retinal dialysis (Fig 1.11) or the 
formation of a retinal hole because the distortional 
forces produce vitreous traction at the retinal periphery. 
Laboratory experiments indicate that the majority of 
retinal breaks caused by contusion are formed at the time 
of injury (Delori et al, 1969; Weidenthal & Schepens, 
1966). It has been suggested that virtually all cases of 
retinal dialysis are secondary to trauma (Ross, 1981).
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F ig u re  1 .1 0  Retinal detachment. A severe blunt injury has resulted 
in intraretinal haematoma and retinal detachment.
F ig u re  1 .1 1  Retinal dialysis.
Traumatic retinal breaks are treated with cryotherapy or 
photocoagulation, otherwise detachment may later develop. 
Demarcation lines, atrophy of the underlying pigment 
epithelium, subretinal precipitates and extensive vitreous 
* tobacco dust' are all commonly seen following traumatic 
retinal detachment (Cox & Freeman, 1979; Cox et al, 1966). 
Because these detachments rarely progress to proliferative 
vitero-retinopathy, the prognosis for re-attachment is 
excellent provided, of course, that all breaks are found. 
Blunt trauma is the leading cause of retinal detachment in 
children and adolescents (Winslow and Tasman, 1978).
Traumatic Retinal Angiopathy (Purtscher's Retinopathy)
This is an indirect ophthalmic consequence of injury. 
Multiple discrete, superficial infarcts of the retina 
(Fig 1.12) manifesting as loss of central vision, 
accompanied by the development of multiple cotton-wool 
spots adjacent to the optic disc, may appear as a result 
of severe skull fractures, chest compression, and long 
bone fractures (Purtscher, 1910). Although the patho­
genesis is unknown, a sudden increase in pressure within 
the retinal venules has been incriminated (Archer, 1986), 
as have fat emboli. There is no specific treatment but 
the prognosis is good with spontaneous, gradual recovery 
of vision during the ensuing 2 to 3 months in most cases.
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F ig u re  1.12 Traumatic retinal angiopathy (Purtscher's retinopathy).
Multiple cotton-wool spots in the retina of this 
patient, who sustained a severe head injury.
Choroidal Injuries
Choroidal Tear (Pig 1.13, 1.14)
Oedema of the choroid does not usually threaten vision, 
nor does a rupture or tear of the choroid except when it 
involves the macular area when loss of central vision 
results (Duguid, 1985). Posterior choroidal ruptures are 
probably caused by antero-posterior compression and hori­
zontal expansion. The retina is relatively elastic and the 
sclera is relatively tough. Both resist rupture. Bruch's 
membrane, on the other hand, is inelastic and more prone 
to rupture. Rupture of the adjacent choriocapillaris often 
results in subretinal haemorrhage. Patients with angioid 
streaks and other conditions known to be associated with a 
fragile Bruch's membrane are especially vulnerable to 
choroidal rupture (Wood & Richardson, 1990a). Fluorescein 
angiography can be useful in detecting small ruptures. 
Choroidal tears frequently result from severe contusion to 
the eye. They are commonly crescentic to the optic disc, 
vertical, and of variable length. They often lie between 
the disc and macula (Wood & Richardson, 1990^). Only rare­
ly is a rupture radially oriented. Such ruptures are 
usually temporal to the disc and single, although nasal 
and multiple ruptures can also occur (Wood & Richardson, 
1990^). No treatment is usually needed. However, a 
choroidal tear can be complicated by the development of
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F ig u re  1.13 A traumatic choroidal tear has resulted in subretinal 
haematoma, which is clearing to reveal the tear passing 
through the macula.
F ig u re  1.14 Chorioretinal necrosis and haematoma due to an airgun 
pellet injury to the sclera.
subretinal new blood vessels, which may themselves bleed 
(Wood & Richardson, 1990a). In some cases, such a lesion 
may warrant laser photocoagulaion. All patients with a 
choroidal tear should, therefore, be evaluated and 
followed up by an ophthalmologist.
Choroidal Effusion
In cases of ocular hypotony, the choroid may detach from 
the underlying sclera owing to the accumulation of under­
lying plasma-like fluid. Treatment for the hypotony (eg. 
by repairing a scleral rupture) usually results in spon­
taneous reapposition of the choroid.
Scleral Injuries
Severe trauma can rupture the sclera (Cherry, 1972). It is 
important to recognise that this rupture may be "silent" 
and that sometimes the only clinical sign is ocular
hypotony. The two most common sites for indirect rupture
are the superonasal quadrant close to the limbus and
parallel to the muscle insertions between them and the 
equator (Cherry, 1972). Radial and posterior ruptures are 
relatively uncommon (Slingsby & Forstot, 1981; Cherry,
1972). In one series of 34 cases of scleral rupture, 18% 
were associated with orbital fracture (Cherry, 1972). The 
hallmarks of scleral rupture are hypotony (although this
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is not always present), an abnormally deep anterior 
chamber, decreased ocular movements, and severe subcon­
junctival oedema (Cherry, 1972). If a scleral rupture is 
not repaired, persistent hypotony or the ingrowth of 
fibrous tissue into the eye may develop. In addition, 
sympathetic ophthalmia may rarely complicate scleral 
rupture (Rao et al, 1983; Rao & Wong, 1981; Lubin et al, 
1980).
When the diagnosis is clinically difficult, ultrasono­
graphy and CT scanning can be helpful. The prognosis for 
useful vision in a ruptured globe is poor (Cherry, 1978; 
Milauskas & Fueger, 1966)• Surgical exploration and repair 
is indicated in the majority of cases of persistent hypo­
tony in which there is no alternative explanation, as 
repair of the scleral rupture is usually accompanied by 
restoration of intraocular pressure and prevents the 
complication of fibrous ingrowth (Cherry, 1978).
Optic Nerve Injuries
Rowbotham (1964) has classified traumatic optic neuropathy 
on the basis of a review of 3.6% (66 cases) of 1800
patients with facial injury.
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Anterior Marginal Tear (12%)
This tear is diagnosed on the basis of the following 
signs. The development of a nerve fibre bundle visual 
field defect associated with early optic nerve pallor in 
one sector is suggestive of anterior optic nerve injury. 
This problem may be accompanied by spasm of the retinal 
vessels and, in some cases, haemorrhage at the optic disc 
margin that is associated with subsequent pigmentation. 
The disturbance of visual acuity and visual field depends 
upon the site and severity of the injury. Loss of vision 
is incomplete, but only little recovery takes place. The 
mechanism of damage is probably torsion of the globe with 
respect to the optic nerve.
Damage to the Anterior Optic Nerve (13%)
This condition follows frontal head injury and is usually 
accompanied by a local skull fracture. There is evidence 
of injury to the optic nerve behind the level of the optic 
disc but anterior to the entry of the central retinal 
artery.
Clinical examination of the posterior pole reveals the 
appearance of a central retinal artery occlusion with 
retinal oedema. Severe and complete loss of vision was 
seen in the majority of Rowbotham's cases.
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Canalicular Optic Nerve Damage (65%)
In most cases (70%), this damage follows frontal injury. 
The patient is subject to immediate loss of vision. The 
prognosis for vision is poor, with fewer than 20% of 
patients developing useful recovery of vision. Pallor of 
the optic disc ensues with an average time of onset of 23 
days. In Rowbotham’s series, visual field loss occurred 
primarily in the lower visual field in 70% of cases, which 
lent support to a vascular aetiology for this injury, as 
it mirrored the clinical features of presumed hypertensive 
and arteritic posterior ischaemic optic neuropathy 
(Rowbotham, 1964), Such injury is probably due to stretch­
ing, thrombosis, or tearing of the small vessels supplying 
the optic nerve, and surgical decompression is probably 
not indicated. The indication for surgical exploration is 
that of initial recovery of vision with late deterio­
ration, in which case the deterioration may occasionally 
be reversed by dividing the traumatic arachnoid adhesions 
that may develop.
Heinze (1969) carried out a study of the pathology of the 
optic nerve in patients who sustained traumatic optic 
neuropathy and subsequently died. In the majority of 
cases, haemorrhage into the optic nerve sheath was seen. 
In only 1 of 21 cases was laceration of the nerve 
observed, and partial division of the optic chiasm occur­
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red in one other case. Perhaps intra-sheath haemorrhage 
compresses and occludes small blood vessels to the nerve 
fibres, or haemorrhage or thrombosis within the nerve 
causes an ischaemic atrophy (Anderson, 1982; Edmund and 
Godtfredsen, 1963; Gordon and Macrae, 1950). Contusion 
necrosis of the optic nerve has also been suggested 
(Shammas and Matta, 1974). Severe intra-orbital haemor­
rhage may result in a preventable post-traumatic atrophy 
of the optic nerve (Butt, 1979).
Comparison of groups of patients treated with or without 
operative decompression of the optic nerve reveals that 
the overall prognosis for visual recovery is the same in 
both groups, with improvement in vision in 25% to 40% and 
no recovery in the remainder (Walsh & Hoyt, 1969). 
However, when a course of systemic steroids was given as 
standard to all patients, the rate of visual improvement 
rose to 56% on steroids alone with additional improvement 
of 33% following optic nerve decompression in selected 
cases (Mauriello et al, 1992). Recovery of vision follow­
ing removal of haematoma in the optic nerve sheath without 
pre-operative steroid treatment has also been reported 
(Gjerris, 1976). Spontaneous recovery from traumatic 
optic neuropathy following blunt head trauma has also been 
described (Wolin & Lavin, 1990).
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The role of decompression procedures remain controversial, 
and the indications are not clear. It has been suggested 
that a narrowed or dislocated optic foramen, accompanied 
by slowly progressive loss of vision, provides a relative 
indication for surgical exploration (Walsh & Hoyt, 1969). 
A lucid interval of vision after injury and an enlarged 
optic nerve sheath have also been implied to be associated 
with improved prognosis following optic nerve sheath 
decompression (Mauriello et al, 1992).
Unlike with rapid loss of vision, for which there is pro­
bably no effective treatment, high-dose steroids appear to 
be of benefit if there is gradual, progressive loss of 
vision (Spoor et al, 1990; Lam & Weingeist, 1990; Anderson 
et al, 1982).
A more severe complication of blunt trauma is avulsion of 
the optic nerve from the eye (Fig 1.15). Although this 
usually is accompanied by severe damage to other ocular 
tissues, it can be the sole manifestation of an apparently 
minor ocular trauma following midfacial fracture (Ketchum 
et al, 1976)•
Chiasmal Injury
Frontal injury close to the midline is most likely to give 
rise to chiasmal injury. Although occasional cases of
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F ig u re  1.15 Optic nerve avulsion following severe facial trauma.
chiasmal tears have been reported (Heinze, 1969), in the 
majority of instances, no microscopic injuries are seen. 
The result is immediate bitemporal hemianopia, which may 
be explained by occlusion of the central chiasmal artery 
(Russell, 1960)• In some cases, optochiasmal injuries may 
occur in which the ipsilateral eye is blind and the
contralateral eye has temporal hemianopic field loss. 
Patients complaining of subtle impairment in visual
function following head injury should undergo a detailed 
examination of the visual field, as subtle upper
quadrantic bitemporal field defects may occur that would 
otherwise be missed.
Retrobulbar Haemorrhage
Retrobulbar haemorrhage is an uncommon sequel to facial 
fractures (Ord et al, 1986). In the majority of cases, 
this problem resolves spontaneously, with no adverse 
sequelae. However, blindness attributed to retrobulbar 
haemorrhage has been reported following ocular trauma
(Babajews & Williams, 1986), malar fracture reduction 
(Ord, 1981; Gordon & Macrea, 1950), orbital floor repair 
(Nicholson & Guzak, 1971), orbital surgery (Ord, 1981) and 
blepharoplasty (Putterman, 1975). Venous haemorrhage 
probably causes no problem, but arterial haemorrhage can 
lead to compromise of optic nerve function and central 
retinal artery obstruction (Wood, 1986; Katz et al, 1983).
79
The patient usually complains of a severe aching pain 
accompanied by progressive loss of vision. Proptosis 
occurs and is accompanied by raised intraocular pressure, 
marked subconjunctival haemorrhage, and gross eyelid swel­
ling (Wood, 1986). As vision is lost, the pupil becomes 
fixed and dilated. Immediate surgical decompression is 
required (Katz et al, 1983).
Lacrimal Passages
Disorders of the lacrimal passages are not uncommon in 
crushing injuries (Mewe, 1980). However, damage to the 
lacrimal drainage system has been reported in only 0.5% of 
337 midface fractures (McCoy et al, 1962). The infrequent 
occurrence of epiphora following nasal fractures is 
probably due to the protective influence of the medial 
canthal ligament, which may prevent tearing of the upper 
lacrimal pathways (Stranc, 1970b). Avulsion of the medial 
canthal ligament following trauma can lead to displacement 
of the lower lacrimal punctum and the lacerated ligament 
should be sutured in the correct position as soon as 
possible.
Postoperative epiphora is frequently due to malposition of 
the lower eyelid and eversion of the punctum (Gruss et al, 
1985). In severe nasal-orbital-ethmoid fracture, open 
reduction is usually preferable to avoid malpositioning of
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the bone fragments, which can lead to nasolacrimal appara­
tus obstruction (Gruss et al, 1985), In most cases of 
nasolacrimal injury, it is the bony canal that is 
obstructed.
Dacryocystorhinostomy is indicated no sooner than 3 months 
following injury, as spontaneous recovery of function may 
take place. In addition, some individuals do not develop 
epiphora in the long term and, therefore, do not warrant 
surgery.
1.5.2 Disorders of Ocular Motility
Disturbances in ocular motility may arise from:
1. Disorders of the central control of eye movement.
2. Injury to cranial nerves III, IV, or VI; or
3. Orbital injury with associated muscle injury or 
entrapment.
1. Disorders of Central Control of Eye Movement
Impairment of Accommodation and Convergence
Weakness of accommodation and convergence may follow head 
injury (Doden & Bunge, 1965). Most cases show parallel 
defects of the two functions as would be expected from
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their synergistic relationship. Occasionally, either may 
be deficient separately (Cross, 1945). Sometimes a brain 
stem or third nerve lesion may be responsible for causing 
either the combined defect or a weakness of either action 
alone. In many cases no organic cause can be detected 
(Duke-Elder, 1972).
Failure of convergence has also been reported following 
whiplash injuries to the cervical spine (Anderson, 1961). 
In some cases, it may be difficult to determine whether 
failure of convergence results from organic pathology or 
is functional in origin.
In the majority of cases, spontaneous resolution takes 
place. Occasionally, accommodation and convergence do not 
recover (Candler, 1945).
Loss of Fusion
Head injury may lead to loss of fusion of the images from 
both eyes resulting into diplopia (Stanworth, 1974; Hart, 
1969). Trauma is also a recognised cause of the breakdown 
of a pre-existing heterophoria (Lee, 1983). Both cerebral 
contusion with or without skull fracture and whiplash 
injury may cause this problem. Spontaneous recovery may 
or may not occur.
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Lateral Gaze Palsy
Lesions of either the frontal cortex or the pons may cause 
lateral gaze palsy, with or without persistent conjugate 
deviation of the eyes. In cerebral contusion, the eyes 
are deviated towards the damaged side, and spontaneous 
recovery of function usually occurs within 1 to 4 weeks 
(Lee, 1983). Pontine trauma, on the other hand, manifest 
a range of other clinical signs which tend to persist.
Skew Deviation
Skew deviation, where there is a vertical disparity in the 
position of the eyes on eccentric gaze, may result from a 
closed-head injury. However, the sign is not of localising 
value (Lee, 1983).
Parinaud1s Syndrome
Parinaud's Syndrome results from midbrain trauma. The 
pupils are mid-dilated and fixed, and there is impairment 
in convergence and paresis of elevation (Lee, 1983).
Post-Traumatic Nystagmus
This may occur as a result of trauma to the petrous part 
of the temporal bone, with associated damage to the
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labyrinthine system, or may be due to brainstem trauma 
(Lee, 1983).
2. Cranial Nerve Injury
Up to 25% of all maxillofacial fractures are associated 
with head injuries (Walsh & Hoyt, 1969). Thus, in addition 
to direct trauma, various degrees of CNS damage with 
altered levels of consciousness as well as possible trauma 
to cranial nerves can present a difficult and complex 
diagnostic problem (Barr, 1970).
Typically, traumatic palsies of cranial nerves III, IV, 
and VI are caused by closed head injury, and a major cause 
is road traffic accident (Lee, 1983). The reported 
incidence of ocular palsies associated with head injuries 
ranges from 3% (Russell, 1960) to 7% (Hughes, 1964) 
although these figures must reflect referral criteria. 
Almost half of traumatic ocular palsies are due to road 
traffic accidents (Rucker, 1958). There is little 
relationship between the actual site of the trauma and the 
motility disturbances which ensues. Typically, the root­
lets of origin of the III, IV, and VI nerves may be 
avulsed at their origin from the brain stem irrespective 
of the actual site of trauma (Heinze, 1969).
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In a series of 1000 cases of ocular nerve palsies (Rucker, 
1958), 16.8% were found to be traumatic in origin (30% 3rd 
cranial nerve, 14.5% 4th cranial nerve, 34% 6th cranial 
nerve, and 21.5% combinations). In a detailed neuropathic 
assessment of 21 patients in whom cranial nerve palsies 
developed following road traffic accidents but who failed 
to survive, cranial nerve III injuries comprised avulsion 
from the brainstem or contusion necrosis and intraneural 
haemorrhage in the region of the superior orbital fissure 
in equal proportion. There were six cases of abducens 
nerve injury. In five cases the nerve had been avulsed, 
and in only one was damage found at the point where the 
abducens nerve passes over the tip of the petrous temporal 
bone. Haemorrhage into the extraocular muscles close to 
the globe was found in 12 cases. This haemorrhage was 
commonly, but not invariably, associated with orbital 
fracture (Heinze, 1969).
Oculomotor Nerve Palsy
Oculomotor nerve palsy typically occurs following a fron­
tal blow to the head, such as in a motorcycle accident. 
The condition is usually unilateral. There is ptosis, 
fixed dilation of the pupil, and abduction with slight 
depression of the globe. Three outcomes are possible: (1) 
no recovery, (2) recovery because of regeneration, and (3)
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aberrant regeneration. Recovery may take between 6 and 9 
months to occur.
Trochlear Nerve Palsy
Trochlear nerve palsy may be unilateral or bilateral. 
Vertical diplopia, which may be accompanied by torsional 
diplopia, occurs. Torsion is especially problematic with 
bilateral cases. Frontal anteroposterior trauma is the 
most common cause (Burger et al, 1970). The presumed site 
of injury is the origin of the trochlear nerve from the 
posterior brainstem, perhaps following contre-coup injury 
upon the tentorium cerebelli. Spontaneous recovery may 
occur 3 to 6 months after injury. Surgery for squint is 
deferred to allow time for recovery to take place (Lee, 
1983) .
Abducens Nerve Palsy
The nerve may be damaged at its exit from the brainstem or 
within the cavernous sinus resulting in failure of abduc­
tion. Abducens palsy may also result from a traumatic 
caroticocavernous fistula. Surgery for squint is again 
deferred to allow spontaneous recovery to occur (Lee, 
1983).
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3. Mechanical Muscle Palsies
Diplopia is a common sequel to orbital injury. Causes of 
trauma-related motility disorders include entrapment of an 
extraocular muscle or its adjacent fascia in a fracture 
site, intramuscular haemorrhage and oedema, orbital haema­
toma, disinsertion of an extraocular muscle, and injury to 
the trochlea (von Noorden, 1979).
Blow-out Fracture
Anatomy of the orbit and pathogenesis of the orbital blow­
out fracture as well as the appropriate radiological 
investigations have all been described (Section 1.3-1.5).
Clinical Signs
A blow-out fracture may be manifested by one or more of 
the following clinical signs:
1• Enophthalmos may initially be masked by tissue 
oedema. It may result from the combined effects of 
enlargement of the volume of the orbital cavity, prolapse 
of orbital fat, fat necrosis due to trauma or infection, 
and fibrotic shortening of extraocular muscles.
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2. Impairment of ocular movement, which may cause 
diplopia (Crumley et al, 1977), may be due to muscle 
entrapment, fascial entrapment, injury to extraocular
muscles, intraorbital or intramuscular haemorrhage, nerve 
damage, or the breakdown of a pre-existing heterophoria.
Typically, there is restriction of up and down gaze.
Elevation of intraocular pressure on attempted elevation 
is suggestive of entrapment. Occasionally, retraction of 
the globe on upward gaze may be seen, owing to inferior 
rectus muscle entrapment. A positive forced duction test 
is helpful in confirming this diagnosis.
3. Pseudoptosis and deepening of the supratarsal fold 
accompany the enophthalmos. Attempted elevation of the 
affected lid leads to lid retraction on the opposite side.
4. Orbital emphysema may be seen shortly after injury 
but absorbs spontaneously.
5. Infraorbital nerve anaesthesia may occur. In 55% 
of cases, the symptoms resolve within one year of injury 
(Gillison & Oei, 1975), and many patients are symptom free 
in 2 years. However, persistent pain and dysaesthesia may
be a sequel, especially to an orbital rim fracture.
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Serious injury to the eye can also occur in up to 40% of 
cases (Leibsohn et al, 1976; Fradkin, 1971; Emery et al, 
1971; Dodick et al, 1969; Milauskas & Fueger, 1966).
Fractures of the Orbital Roof
The incidence of orbital roof fractures in patients 
suffering from facial bone fractures is approximately 5% 
(McLachlan et al, 1982; Schultz, 1970). Undisplaced, blow- 
in, and blow-out fractures have all been described (Curtin 
et al, 1982; Sato et al, 1978). Bone fragments can inter­
fere with superior rectus muscle function and cause 
impairment of elevation and ptosis of the upper lid. In 
addition, penetrating injuries may perforate the orbital 
roof and enter brain tissue (Flanagan et al, 1980).
The orbital roof is particularly weak at its posterior 
aspect and in the region of the superior orbital fissure 
and optic canal. Thus, the optic nerve and nerves passing 
through the superior orbital fissure may all be injured in 
various combinations. Epidural haematoma, depressed 
fracture of the superior orbital rim, persistent pneumo- 
cephalus with cerebrospinal fluid rhinorrhea, and tension 
pneumocephalus have all been reported to complicate such 
injuries (Wesley & McCord, 1982; Flanagan et al, 1980). 
Prolapse of orbital tissue into the frontal air sinus may 
also occur (Curtin et al, 1982).
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A forced duction test may be positive, particularly in the 
upward direction, because the bones impinge on the muscle 
and mechanically restrict upward gaze. This finding can 
cause diagnostic confusion with an inferior blow-out 
fracture (McLurg & Swanson, 1976).
Trauma to the Trochlea
The superior oblique muscle passes through the trochlea 
close to the medial superior orbital margin. If the muscle 
is injured, subsequent fibrosis can result in tethering, 
which in turn leads to additional restriction of elevation 
of the eye. Entrapment of the superior oblique tendon in 
an orbital roof fracture has also been described (Al- 
Qurainy et al, 1988). Many patients recover spontaneously, 
but injection of steroids or surgical intervention may be 
required.
Displacement of the Globe
The eye may be displaced in any dimension following 
orbital injuries, namely, anteroposteriorly, horizontally, 
or vertically.
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Proptosis
Proptosis is common initially, owing to haematoma and 
swelling of orbital tissues. In the majority of cases, 
this condition resolves spontaneously. Subperiosteal 
haematoma, notably of the orbital roof (Wolter, 1979), may 
give rise to persistent proptosis associated with downward 
displacement of the globe. Persistent proptosis may also 
result from inward displacement of orbital bone fragments.
Enophthalmos
Enophthalmos is a common late sequel that may initially be 
masked by intraorbital tissue swelling and haematoma. 
Expansion of the orbit, prolapse of soft tissue through a 
blow-out fracture, necrosis of soft tissue, and fibrosis 
may all contribute to the clinical picture (Converse et 
al, 1961).
Vertical Displacement
Vertical displacement commonly accompanies orbital frac­
ture. In the acute phase, the eye may be displaced upward 
by haematoma. In the late phase, downward displacement of 
the globe is more common.
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Horizontal Displacement
Horizontal displacement occurs laterally when the medial 
canthal ligament has been severed or the orbital bones 
have been laterally displaced (Mustarde & Rycroft, 1971).
92
1.6 TRAUMA TO THE FACE: REVIEW OF LITERATURE
1.6.1 Midfacial Trauma
Blow-out Fracture of the Orbital Floor
Lang (1889) was the first to suggest that a fracture of 
the orbit may be responsible for the condition he called 
'Traumatic Enophthalmos1. This was emphasized and further 
described by Pfiffer in 1943 and Converse and Smith in 
1956, who later added diplopia to its features and coined 
the term 'Blow-out Fracture'. King and Samuel (1944) 
reported a case of blow-out fracture of the orbital floor 
caused by a sudden increase in the intraorbital pressure 
which had resulted from a traumatic force to the soft 
tissue of the orbit. In 1957, Smith and Regan carried out 
experimental studies which suggested that blunt trauma to 
the orbit resulted in increased hydraulic pressure of the 
intraorbital contents thereby causing a downward fracture 
of the thin walled orbital floor. This theory was also 
supported by Converse et al (1961) who described muscle 
entrapment in an orbital floor as a cause of enophthalmos 
and diplopia.
In 1964, Dingman and Natvig, plastic surgeons, reported 
for the first time a case of blow-in fracture of the
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orbital floor due to the buckling effect of a severe blow 
to the orbital rim.
In 1966, Atiyeh and associates added paraesthesia of the 
infraorbital nerve distribution to the features of the 
true blow-out fracture of the orbital floor whilst DeHaven 
and Harle (1966) reported several cases of "black eyes" 
due to such fractures and called for careful examination 
of the orbit in such cases. In the same year, Milauskas, 
an ophthalmologist, and Pueger, a radiologist, reported a 
series of 84 consecutive patients with blow-out fractures, 
14% of whom suffered severe ocular injuries. They con­
cluded that complete ophthalmic examination is essential 
in all suspected cases of blow-out fractures.
Converse and colleagues (1967) were the first to describe 
the term "impure" in contrast to "pure" blow-out fracture, 
and reported the aetiological factors in 100 blow-out 
fractures. Around the same time, Jones and Evans, both 
maxillofacial surgeons, used fresh cadavers to produce 
experimental blow-out fractures in order to ascertain the 
common site of fracture. The relative thickness of 
different areas of the bony orbital floor and orbital 
plate of the ethmoid was measured, and the relation of the 
geometric orbital axis to the orbital walls investigated. 
They found that in 79% of cases, the main site of the 
fracture was situated in the thin posterior part of the
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orbital floor, medial to the inferior orbital fissure and 
canal.
In 1970, Dodick and his fellow ophthalmologists, reported 
two cases of concomitant blow-out fractures of the orbital 
floor and rupture of the globe, and questioned the 
hydraulic concept as a cause of such injuries. They 
suggested, therefore, a buckling mechanism as the major 
cause of blow-out fractures. This view was supported by 
Fujino (1974) whose experiment on a dried human skull 
without orbital contents produced a blow-out fracture of 
the orbital floor suggesting a direct compression force or 
buckling force as the causative factor. Fujino and Makino 
(1980) further emphasized this opinion in their report of 
the results of clinical analysis of 101 cases of pure 
blow-out fractures of the orbital floor in which they 
argued that the buckling force was the primary causative 
factor in the production of such fractures. However, this 
view was not shared by Raflo (1984) who suggested that 
both factors might be involved in the production of such 
orbital fractures, nor by Converse (1977) who believed 
that the buckling force alone cannot explain the 
entrapment mechanism of the orbital contents, unless the 
primary causative factor was increased hydraulic pressure.
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Blow-out Fracture of the Medial Orbital Wall
These fractures are reported to accompany orbital floor 
blow-out fractures in between 21% (Dulley & Fells, 1974) 
and 70% (Jones & Evans, 1967; Pearl & Vistnes, 1978) of 
cases. It is important to recognise this condition because 
of the potential sequelae of enophthalmos or, more rarely, 
entrapment, resulting in restriction of lateral gaze, for 
which the results of late surgery are poor. However, 
entrapment of orbital tissue in a medial wall fracture is 
rare (Davidson et al, 1975). Medial orbital wall fracture 
with entrapment may occur as a single entity or, more 
commonly, is concomitant with an orbital floor fracture 
(Pearl and Vistnes, 1978).
Miller and Glaser (1966) were the first to present a case 
of traumatic medial wall fracture of the orbit with 
incarceration of orbital contents leading to retraction of 
the globe and narrowing of the palpebral fissure on 
attempted abduction. In 1968, Edwards and Ridley also 
described a case in which blunt trauma to the orbit was 
followed by entrapment of the medial rectus muscle with 
resulting diplopia and impairment of ocular motility. 
They highlighted the value of the forced duction test in 
the diagnosis of such disorders. This view was supported 
by other authors including Thering and Bogart (1979) who 
reported a case of fracture of the medial orbital wall in
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association with a large fracture of the orbital floor 
with entrapment of the medial rectus muscle and 6th nerve 
palsy for which the diagnosis was made primarily by the 
forced duction test, Rumlet and Ernest (1972) reported a 
similar case of muscle entrapment and so did Tokel and 
Potter (1969), Fischbein and Leski (1969), Magnus et al 
(1971) and Davidson et al (1975) who reported two 
additional cases and emphasized the role of hypocycloidal 
tomography in the diagnosis of medial rectus entrapment in 
a medial orbital wall.
In an experimental study on fresh cadavers, Pearl and 
Vistnes (1978) found isolated medial wall blow-out 
fractures in 4 cases out of 13 cases (31%) studied. The 
rest were associated with orbital floor fractures. All 
medial wall fractures were located in the ethmoid bone 
midway between the medial canthus and the lesser wing of 
the sphenoid bone. They concluded that the discrepancy 
between the high frequency of occurrence of medial wall 
fractures in their study and the rarity of clinical 
diagnosis derived from the limitations of standard 
radiography and advocated the use of computed tomography 
(CT scan) to delineate these fractures. This view was 
further emphasized and supported by Risco and colleagues 
who, in 1984, reported a case of prolapse of the globe 
into the ethmoid sinus which was diagnosed by CT scan, and 
by Rauch (1985) whose diagnosis of two cases of a blow-out
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fracture of the medial orbital wall with concomitant soft 
tissue entrapment was confirmed by forced duction and 
computed tomography.
Blow-out Fracture of the Orbital Roof
Blow-out fracture of the orbital roof is increasingly 
being recognised as a complication of orbital trauma 
(Bleeker et al, 1975). However, it may be missed on skull 
radiographs (Gould & Titus, 1965). Computerised tomography 
(CT) can be employed effectively to demonstrate such 
injuries and its increased usage in craniofacial trauma 
may be responsible for the increased reporting of such 
orbital fractures (Wesley & McCord, 1982). Blow-in 
fracture of the orbital roof is extremely rare. There is 
only one reported case of such a fracture of the orbital 
roof which was caused by a horizontal shear strain to the 
skull (Sato et al, 1978).
Smith and Blount (1971) were the first to report a case of 
a blow-out fracture of the orbital roof in a 3-year-old 
child who presented with pulsating exophthalmos due to the 
communication between the subarachnoid space and the 
posterior orbit.
Interdisciplinary collaboration may have led to the 
recognition of more cases of orbital roof fracture, by
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raising the index of suspicion, than would have been 
otherwise. Bleeker and co-workers (1975) working in 
collaboration with neurosurgeons reported a series of 8 
cases presenting in one year and so did Flanagan et al 
(1980) and McLachlan et al (1982) who reported 4 cases and 
9 cases respectively in a similar cooperative studies.
Soft tissue entrapment in an orbital roof fracture is very 
rare. McClurg and Swanson (1976) described a case in 
which a fracture of the roof of the orbit, involving the 
anterior cranial fossa, has led to entrapment of soft 
tissue with diplopia, whilst Curtin and associates (1982) 
reported two additional cases of isolated pure blow-out 
fracture of the orbital roof, both with intra-orbital 
emphysema and small herniation of soft tissue in the 
frontal sinus. Only one case of true muscle involvement 
has been reported in which the superior oblique muscle 
tendon was entrapped in an orbital roof fracture leading 
to an acquired traumatic Brown's syndrome which was 
clinically manifested by impairment of elevation in 
adduction of the eye and radiologically proven by CT scan 
(Al-Qurainy et al, 1988).
1.6.2 Ocular Trauma in Relation to Facial Trauma
By the early seventies, a growing interest started 
developing in ocular and other associated complications of
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facial trauma. Fradkin (1971) reported 53 patients with 
blow-out fractures of the orbital floor, 40% of whom 
suffered severe ocular injuries. In a similar population 
of study, Kreiger (1971) detected an equal rate of asso­
ciated ocular injuries in 10 patients whilst Smith and 
associates (1971) observed that 25% of their maxillofacial 
fracture patients sustained various degrees of damage to 
the CNS and cranial nerves II, III, IV, VI and VII. A 
retrospective review by Crumley and Leibsohn (1976) of 324 
patients with 363 orbital floor fractures in isolation 
(38) or with associated midfacial fractures, showed that, 
on initial examination, 30% of all patients were found to 
have diplopia and 4% enophthalmos rising to 11% after five 
months. Thirty-seven percent of patients had demonstrable 
ocular injury at the time of initial examination ranging 
from simple subconjunctival haemorrhage to retinal detach­
ment and rupture of the globe. Other serious, though rare, 
ocular injuries, have also been reported. Mandelcorn and 
Hill (1973) reported a case in whom a dynamite blast 
produced blow-out fractures of both orbits leading to the 
herniatin of one eye into the maxillary antrum and loss of 
vision. Two other incidents of herniation of a globe have 
been followed by successful repositioning of the eye with 
recovery of vision (Berkowitz et al, 1981).
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1.6.3 Motility Disorder In Relation to Facial Trauma
Restricted extraocular motility and diplopia after blow­
out fractures have been attributed to a variety of causes. 
Helveston (1977) believed that they were due to soft 
tissue oedema or haemorrhage or from damage to the nerve 
supply to the muscles rather than muscle entrapment. This 
view, however, is not shared by the majority of authors 
(Waddell, 1982; Koutroupas and Meyerhoff, 1982; Friedburg, 
1980; Silva, 1973; Piddle, 1968) who are of the opinion 
that muscle entrapment was a likely factor in displaced 
fractures and that orbital floor exploration is a safe and 
effective means of reducing the complications associated 
with such fractures.
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2. AIMS OF STUDY
Ocular and motility disorders are common following blunt 
midfacial trauma. However, review of previous work in 
this area has highlighted the paucity of clinical studies 
which relate the mode and characteristics of facial trauma 
to the underlying ophthalmic pathology.
The aims of this prospective study are as follows:
1. To categorise the facial injuries sustained by a 
cohort of patients according to aetiology, fracture 
type and therapeutic strategy required.
2. To determine the incidence and type of ophthalmic 
injury which accompany midfacial fractures.
3. To relate the data obtained and thereby to determine 
the risk factors which predispose to sight threaten­
ing eye injuries.
4. To design a scoring system in which the data elicited 
by the maxillofacial surgeon can be employed to 
ascertain which patients are at risk of eye injury 
warranting ophthalmic referral.
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5. To evaluate the scoring system by asking the maxillo­
facial surgeons to apply it to a new cohort of 
patients all of whom are examined by an ophthalmolo­
gist .
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3. PATIENTS AND METHODS
3.1 PATIENTS
The Oral and Maxillofacial Surgery Unit at Canniesburn 
Hospital, Glasgow is a regional centre. It undertakes the 
care and treatment of maxillofacial patients for about one 
third of the west of Scotland which has a total population 
of three and a half million people. The unit is also 
involved in the treatment of craniofacial fractures in the 
Regional Neurosurgical Unit at Southern General Hospital, 
Glasgow, but these patients (42 per annum on average) were 
included in the study only if they have been transferred 
to or followed up in Canniesburn Hospital. (This may have 
biased the sample towards less severe injuries).
A total of 363 patients who had sustained midfacial and/or 
frontal trauma resulting in fracture between 1st April, 
1985 and 31st March, 1987 were admitted to this study. All 
patients with persistent pathology were followed up for at 
least one year. Patients with simple nasal or pure man­
dibular fractures without involvement of the zygomatico­
orbital region were not included in this study since they 
were unlikely to have been complicated by ophthalmic 
injury (Holt et al, 1983).
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Patients who had sustained major trauma were evaluated 
within 48 hours following injury, and those in whom there 
was no manifest ocular disorder (as judged by the attend­
ing maxillofacial surgeon) were evaluated at the ensuing 
weekly ophthalmic clinic.
Every effort was made to ensure the referral to the eye 
clinic of all patients of the above description 
irrespective of whether or not they had presented with 
manifest eye injury. The project was discussed with the 
senior and junior members of the staff at the maxillo­
facial unit stressing the importance of referral of such 
patients. Further discussion took place each time the 
medical staff rota changed. We also ensured that we 
attended the morning round with the maxillofacial surgeons 
on the day of the weekly ophthalmic clinic in order to 
identify patients requiring referral.
3.2 METHODS
All data were collected according to a detailed protocol.
3.2.1 History
A full history of the incident, including time, cause, 
related factors (such as influence of alcohol and the use 
of seat belts) and whether there was any trauma to the
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eye, was taken. The influence of alcohol was assessed by 
virtue of the amount of alcohol consumed as indicated by 
the patient (more than 2 units during the hour preceding 
the incident) or the patient's clinical status on first 
examination. A detailed past ophthalmic history such as 
errors of refraction, squint, amblyopia, eye surgery, and 
previous eye injuries was obtained. The occurrence of 
amnesia, its type and duration was recorded (Jennet & 
Teasdale, 1981? Teasdale & Jennet, 1974). Subjective 
symptoms of diplopia and their duration were noted as well 
as pain on eye movement, its quality, severity, and 
relation to direction of gaze.
3.2.2 Classification of Facial Fracture
Facial fractures were classified by the attending maxillo­
facial surgeon by clinical and radiological examination 
into three groups: malar fractures according to Henderson 
(1973, unpublished) (Table 1.1; Fig 3.1-3.7), maxillary 
fractures as described by Le Fort (1900) with further 
extension as adapted by the maxillofacial unit (Table 
1.2), and naso-orbito-ethmoidal fracture (Stranc, 1970a; 
Converse & Smith, 1963). Due to strict regional policy 
limiting the number of referrals, it was not always 
possible to perform an ultrasound or CT scan examination. 
However, CT scanning was performed on all patients with 
clinical evidence of a blow-out fracture of the orbit but
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Figure 3.2 Type II #: zygomatic arch fracture only.
Figure 3.3 Type III #: Tripod fracture with undistracted
zygomatic suture.
fronto-
Figure 3.4 Type IV: Tripod fracture with a distracted fronto-
zygomatic suture.
Figure 3.5 Type V #: Pure blow-out fracture of the orbit.
Figure 3.6 Type VI: Orbital rim fracture only.
Figure 3.7 Type VII #: Comminuted fracture.
Figures 3.1-3.7 were reproduced by kind permission of the Oral and 
Maxillofacial Surgery Unit at Canniesburn Hospital, Glasgow.
with negative plain radiographs except in those few in 
which exploration of the orbit was deemed necessary.
3.2.3 Treatment of Facial Fracture
Treatment of each facial fracture and the procedures 
employed were noted and recorded.
3.2.4 Ophthalmic Examination
All patients were subjected to full ophthalmic examination 
including detailed assessment of ocular motility.
Visual Acuity
All patients had their visual acuities tested, with appro­
priate spectacle correction when needed. A standard Snel­
len chart at 6-metres distance was used for this purpose. 
When the visual acuity was less than 6/6 in either or both 
eyes, assessment was carried out with the aid of a pin­
hole. Near vision was tested with a reduced Snellen chart. 
Failure of the pin hole to bring visual acuity up to 6/6 
in an otherwise healthy looking eye indicated a possible 
macular dysfunction in which case the photo-stress test 
was performed (Glaser & Goodwin, 1991). Reduced corrected 
visual acuity was classified as folows:
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Mild reduction: 6/9 - 6/12
Moderate reduction: 6/18 - 6/24 
Severe reduction: 6/36 or less
Visual Fields
Assessment of red comparison in each quadrant was carried 
out and colour desaturation was also examined between the 
eyes. Visual fields were examined by confrontation for 
gross visual defects. The patient was seated to face the 
observer at arm's distance. He was then asked to fix the 
observer's eye while the fellow eye was covered. Using a 
small white pin, the field of vision to the moving target 
was compared with the observer's (normal) visual field. 
The test was then repeated for the other eye. Evidence of 
visual field loss in one or more areas called for more 
detailed assessment on a standard perimeter at the 
ophthalmic unit at the Western Infirmary.
Ocular Motility
All patients had their extra-ocular muscle function eval­
uated, and freedom or restriction of the individual move­
ments noted and documented. The corneal light reflex test 
was performed and the pinpoint images of the reflected 
light by the two corneae were compared with respect to 
their position in relation to the pupil and to the cornea
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as a whole. The examination of ocular movements was 
carried out in all the principal positions of gaze and 
supplemented by the performance of the cover test in these 
positions.
The Cover Test
The cover uncover test was performed for near and for dis­
tance. When failed to elicit a manifest muscle imbalance, 
the alternate cover test was carried out. Each eye was 
covered in turn, the behaviour of each on uncovering was 
noted and finally both were uncovered. Attention was also 
paid to the speed of recovery of the binocular state.
The Hess Screen Test
All patients with suspected ocular muscle imbalance due to 
mechanical or neurological disorder with or without 
diplopia were tested on the Hess screen for assessment of 
the fields of binocular function. Lee*s modification of 
the Hess screen was used and the patient was seated at a 
standard 0.5 metre distance from the screen. Each eye was 
tested in turn and the charts were plotted, interpreted 
and filed.
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Assessment of Convergence and Accommodation
All patients were screened for evidence of convergence 
insufficiency and/or failure of accommodation. This was 
carried out by accurate measurement of the near points of 
convergence (NPC) and accommodation (NPA) on a standard 
R.A.F. near point rule and the results were recorded in 
centimetres. Normal figures for accommodation in relation 
to age were adopted from Duane (1922) and failure of 
accommodation was classified as follows:
Mild failure: NPA equivalent to that of an older
person by 1-5 years.
Moderate failure: NPA equivalent to that of an older
person by 6-10 years.
Severe failure: NPA equivalent to that of an older
person by more than 10 years.
Examination of the Globe
The external eye was thoroughly examined in anatomic 
sequence under diffuse light for evidence of gross ocular 
injury. The lids were examined for evidence of swelling, 
oedema, bruises, laceration, ptosis and abnormality of lid 
margin position (ectropion or entropion). The lacrimal 
drainage system was assessed for patency. External 
motility and sensory innervation about the eye was tested.
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The pupils were examined for shape, size, equality and 
reactions to light and accommodation. The pupils of the 
two eyes are usually of about equal size and respond simi­
larly to stimulation. Distortion and irregularity of the 
pupil may indicate injury to the sphincter (Newell, 1986). 
Manifest or suspected displacement of the globe following 
facial trauma was ascertained. Vertical and horizontal 
displacements were measured to the nearest millimetre. 
Antero-posterior displacement (exophthalmos or enophthal- 
mos) was assessed using the Keeler frame in those patients 
in whom the lateral orbital margin was intact. Examination 
from above with careful delineation of the position of the 
globe with respect to the supra-orbital margin were 
carried out in all other patients.
Slit-lamp Examination
Detailed examination of the anterior segment of the eye 
was carried out using the slit-lamp microscope. A Zeiss 
microscope with facilities for low (lOx) and high (25x) 
magnification was used for this purpose. The different 
parts of the anterior segment of the eye were examined in 
anatomic sequence for evidence of injury or disorder.
Gonioscopy was carried out with the Goldman three-mirror 
contact lens for examination of the angle of the anterior 
chamber when indicated, as in cases of suspected angle
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recession (hyphaema, distorted pupil, deep anterior 
chamber), iris dialysis and post-traumatic glaucoma.
Intraocular pressure was measured when clinically was 
suspected to be abnormal as in cases of corneal oedema or 
hyphaema, or likely to be abnormal in the future as in 
cases of angle recession. A hand held 'Perkins' tonometer 
was used after topical anaesthesia with amethocaine 1% 
drops.
Funduscopy
Funduscopy of both eyes following dilatation with 
tropicamide 1% drops was performed on all patients, first 
by direct and then by indirect ophthalmoscopy. Keeler's 
direct and indirect ophthalmoscopes were used and a 20- 
dioptre Nikon lens.
3.2.5 Data Coding
With the exception of the patient's name and reference 
number, all data whether general or clinical were given 
serial numbers for ease of recognition. The total number 
of parameters was 55. The code book employed comprises 
appendix 1.
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Data regarding all patients were classified into three 
major categories:
1. General data: consisted of routine information
readily available to the maxillofacial surgeon on 
initial examination and investigation. They included 
such information as sex and age of patient, and month 
of the incident. They also included details of the 
patient's present and past medical history, cause and 
type of facial and other fractures sustained and 
their definitive treatment in that sequence.
2. Motility disorder: dealt with symptoms, signs and
investigations of motility disorder, as well as with 
treatment, recovery and complications of such ocular 
disorders.
3. Eye abnormality: included data on all ocular
anatomical injuries sustained and their physiological 
sequelae, complications, treatment and recovery.
Details of each item of information were arranged in order 
of severity or frequency of occurrence in practice, or on 
an anatomical basis, and allotted numbers of rising value 
when a certain parameter did not need to be detailed 
further. Zero was given to non-occurrence (No) and (1) 
was given for occurrence (Yes). This served to identify
115
at a glance those patients who suffered a particular 
abnormality from those who did not.
Data Sheets
Data sheets (Appendix 2) were designed to record coded 
data regarding patients who underwent ophthalmic 
consultation. This was done in a way as to permit coded 
information to be recorded in successive columns on a 
single raw. Recorded data appeared on the sheets in the 
same sequence of them in the code book (viz. Data Coding). 
Consequently, coded information regarding any parameter on 
all patients fell into the same column and hence be 
recognised immediately.
At the end of each working day, data sheets were completed 
with the coded information of the newly attending 
patients. Any additional information such as those 
concerning treatment, recovery, or complications would be 
added as they come. All coded data were stored in the 
mainframe university computer for future analysis 
(Appendix 3).
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3.3 CLASSIFICATION OF OCULAR INJURIES ACCORDING TO THE 
NECESSITY FOR REFERRAL TO THE OPHTHALMOLOGIST
In their study, Holt et al (1983) classified eye injuries 
associated with facial fractures into three categories: 
minor or temporary, serious, and blinding. They defined 
minor eye injuries as those injuries without permanent 
visual or physiological sequelae; serious injuries were 
defined as those producing sustained visual loss or 
adnexal sequelae requiring subsequent reconstructive 
measures; and blinding injuries as those manifested by no 
light perception or surgical anophthalmos.
That classification served the purpose of Holt's study 
which aimed at highlighting the high risk of ocular 
involvement in cases of facial fractures. However, for a 
number of reasons, it is not entirely satisfactory for the 
purpose of determining guidelines for referral of such 
patients to the ophthalmologist by the attending
maxillofacial surgeon. Blinding injuries represent
extreme degrees of severity of ocular injury and therefore 
can fit into the category of serious eye injuries without
being grouped separately. Moreover, the relation between
serious eye injuries and blinding injuries is rather loose 
as the former can progress into the latter at a later 
stage. Furthermore, it is easy enough to categorise the 
minor and the serious eye injuries into well defined
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groups but in practice, the majority of eye injuries fall 
in between, being neither mild enough to be considered 
minor, nor severe enough at the time of initial 
examination to be considered serious eye injury.
For the purpose of this study (Chapters 6 and 7), ocular 
disorders were classified according to the necessity for 
referral to the ophthalmologist rather than the criteria 
of degree of severity of eye injury. In this context, 
patients have been classified into two major groups: those 
who need to be referred to the ophthalmologist on the 
basis of their ocular injuries, and those who need not. 
The referred cases are further subdivided into those who 
warrant referral soon on account of their need, and those 
who may be seen routinely. This system of classification 
was discussed with and evaluated by senior ophthalmic 
staff and a consensus view obtained.
DEFINITIONS
Non-Referral Cases (Table 3.1): Category of ocular
injuries without permanent visual or physiological 
sequelae such as corneal abrasions and subconjunctival 
haemorrhages. These injuries heal spontaneously.
Routine-Referral Cases (Table 3.2): Category of ocular
injuries which is unlikely to lead to permanent visual or
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physiological sequelae, but referral is indicated for the 
purpose of assessment or screening for pathology for which 
treatment may be indicated. Examples include minor eyelid 
and conjunctival lacerations and enophthalmos• Those 
patients may be referred to the ophthalmologist for a 
routine out-patient clinic assessment when convenient 
preferably within one month from the date of injury.
Early-Referral Cases (Table 3.3): Those ocular injuries,
such as corneal lacerations and retinal damage, producing 
sustained visual loss or adnexal sequelae requiring advice 
at an early stage concerning management, therapeutic 
intervention or detailed appraisal for medico-legal 
reasons. Such patients require early referral as soon as 
their general condition permits to avoid the occurrence of 
potentially preventable damage or the risk of missing 
clinical signs of medico-legal significance.
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Code Eye Abnormality Remarks
30 Post-traumatic neuralgia/ 
anaesthesia
Spontaneous recovery. No 
treatment needed.
31 Coronal eye displacement Should respond to facial 
fracture treatment.
36 Orbital emphysema Absorbs spontaneously.
37.1 Eyelid swelling/bruises Clears spontaneously.
38.1 Conjunctival chemosis Clears spontaneously.
38.2 Subconjunctival haemorrhage Clears spontaneously.
39.1 Corneal abrasion Heals spontaneously.
46.1 Mild failure of 
accommodation
Usually recovers 
spontaneously.
47.1 Mild reduction of visual 
acuity with recovery
May be due to corneal 
abrasion. No treatment 
is usually needed.
49.1 Mild commotio retinae Spontaneous resolution.
Table 3.1 List of the 'non-referral' category of ophthalmic 
injuries. For each type of injury, the justification 
for the referral is given.
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Code Eye Abnormality Remarks
34 Enophthalmos
37.2 Eyelid laceration
38.3 Conjunctival lacerations
41 Traumatic pupillary 
changes
42.1 Iridodialysis
44.1 Lens damage:
Vossius' ring
44.2 Lens dislocation/ 
subluxation
44.3 Traumatic cataract
44.4 Ruptured lens capsule
45.1 Positive photostress 
test
46.2 Moderate failure of 
accommodation•
46.3 Severe failure of 
accommodation.
Usually responds to orbital 
wall reconstruction.
Can be treated by the 
maxillofacial surgeon.
May or may not need suturing 
depending on extent and 
involvement of underlying 
tissue.
May indicate other pathology 
Observe and document.
May indicate other pathology 
Occasionally the iris may 
need to be repaired.
May indicate underlying 
pathology requiring 
treatment or follow-up, e.g. 
angle recession.
Treatment may be needed for 
post-traumatic complications 
e.g. glaucoma.
Indicates need for future 
treatment
As above
Macular oedema.
Self limiting.
No immediate treatment. May 
need refraction later.
As above.
Table 3.2 List of the 'routine-referral1 category of ophthalmic 
injuries. For each type of injury, the justification 
for the referral is given.
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Code Eye Abnormality Remarks
47.2 Moderate reduction 
of visual acuity
May be due to macular oedema 
corneal abrasion/oedema, 
traumatic mydriasis etc.
Need to be investigated.
49.2 Moderate commotio retinae To be documented and 
observed. If involving 
the macula, may progress 
into macular cyst/hole.
49.3 Severe commotio retinae As above.
50.1 Choroidal tear: single To be documented and 
observed.
50.2 Choroidal tear: multiple As above.
51.1 Vitreous floater Should be closely followed- 
up. May indicate underlying 
pathology, but treatment is 
not immediately indicated.
51.3 Traumatic pigmentary 
retinopathy
To be documented and 
observed.
53. Naso-lacrimal damage If not repaired by the 
maxillofacial surgeon.
Table 3.2 List of the 'routine-referral' category of ophthalmic 
injuries (Cont'd).
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Code Eye Abnormality Remarks
33 Proptosis May be due to retrobulbar 
haemorrhage leading to optic 
nerve compression.
35 Retrobulbar haemorrhage As above.
39.2 Corneal damage: 
puncture wound
Needs urgent repair under 
microscope.
39.3 Corneal laceration As above.
40 Scleral injury Needs careful repair.
42.2 Hyphaema May lead to rise of 
intraocular pressure.
43 Angle recession To be followed-up closely 
for glaucoma. An acute 
pressure rise may occur.
47.3 Severe reduction in 
visual acuity
Optic nerve injury, retinal 
detachment, vitreous haem­
orrhage etc. Aetiology must 
be established immediately.
47.4 ♦Loss of vision As above.
48 ♦Visual field loss To be investigated soon for 
retinal detachment and/or 
damage to the visual pathway
50.3 ♦Choroidal tear 
involving the macula
Document and observe prior 
to facial treatment for 
medico legal reasons.
51.2 ♦Vitreous haemorrhage Needs urgent specialist 
examination.
51.4 ♦Flat retinal tear/hole May need laser/cryotherapy.
51.5 ♦Retinal detachment 
with macula on
Needs urgent specialist 
treatment.
Table 3,3 List of the *early-referral' category of ophthalmic 
injuries. For each type of injury, the justification 
for the referral is given.
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Code Eye Abnormality Remarks
51.6 ♦Retinal detachment 
with macula off
As above.
51.7 ♦Total retinal detachment As above.
52.1 ♦Optic nerve injury: 
contusion
Endangers sight, 
documented.
To be
52.2 ♦Optic nerve: partial 
injury
As above.
52.3 ♦Optic nerve: total 
damage/avulsion
To be documented 
legal reasons.
for medico-
Table: 3.3 List of the 'early- 
injuries (Cont'd).
referral* category of ophthalmic
* All of these signs indicate major injury. Accurate evaluation
prior to surgical repair of the facial injuries is preferred so 
that loss of vision cannot be attributed to the surgical 
intervention and an appropriate sequence of management can be 
organised.
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3.4 STATISTICAL METHODS
Various statistical tests were used to analyse data 
collected, the test employed in a particular case being 
noted as appropriate in the text.
The chi-squared (X^ ) test was used with normally 
distributed data except when the low frequency of some 
occurrence rendered this test unreliable, Fisher's test 
was then employed.
For interval data, checks were made for normality of 
distribution. If the distributions were plausibly normal, 
the t-test was applied, while Welch's method was used if 
the sample variances seemed unequal. On the other hand, 
if data were non-normally distributed, the Mann-Whitney 
test or Wilcoxon rank sum test was chosen.
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CHAPTER 4
THE CHARACTERISTICS OF MIDFACIAL FRACTURES AND 
THE ASSOCIATION WITH OCULAR INJURY
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4. THE CHARACTERISTICS OF MIDFACIAL FRACTURES AND THE 
ASSOCIATION WITH OCULAR INJURY
4.1 INTRODUCTION
Facial fractures are frequently complicated by injury to 
the eye and its adnexae (Holt & Holt, 1983; Holt et al, 
1983; Culbertson, 1983; Berine, 1981; Steidler et al, 
1980; Petro et al, 1979). These injuries may result in 
loss of vision in one or both eyes (Babajews & Williams, 
1986; Anderson et al, 1982; Steidler et al, 1980; Ketchum 
et al, 1976; Gwyn et al, 1971; Gordon & Macrae, 1950) or 
may compromise ocular function (Holt & Holt, 1983). When 
these injuries are severe, they may be detected with ease 
by any medical or maxillofacial practitioner but many 
injuries appear minimal and may be missed by the non­
ophthalmologist (Holt et al, 1983; Records, 1979; Binder, 
1978).
Ocular injury may result in preventable severe dysfunction 
of the visual apparatus, if not detected shortly after 
injury. In one published study by Jabaley et al (1975), 
the difference in the rate of detection of such ocular 
injury between a prospective evaluation, where an ophthal­
mologist was involved, and a retrospective evaluation, 
where only selective referral was made by the plastic 
surgeon, was 18% (29% and 11% respectively).
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Ideally, all patients with a facial or craniofacial frac­
ture should be reviewed by an ophthalmologist (Holt et al, 
1983; Gwyn et al, 1979; Miller & Tenzel, 1967). Defects in 
the field of vision, ocular structure and ocular motility 
may be permanent (Stiedler et al, 1980; Turvey, 1977; 
Jabaley et al, 1975; Barclay, 1958). It is important to 
define such functional defects in order to treat any pre­
ventable ocular dysfunction such as retinal detachment, 
tears or holes, or angle recession glaucoma (Holt et al, 
1983; Jabaley et al, 1975) and to advise the patient 
appropriately. The results of ophthalmic examination may 
lend weight to medico-legal claims.
Estimates (Table 4.1) of the incidence of ocular disorder 
following midfacial fracture vary considerably, being bet­
ween 2.7% (Luce et al, 1979) and 67% (Holt et al, 1983). 
These estimates depend on referral practice, which 
specialty carried out the evaluation, and whether minor 
injuries were included in addition to major ones. The 
results also depend on whether the study was prospective 
(Jabaley et al, 1975; Miller & Tenzel, 1967) or retro­
spective (Holt & Holt, 1983; Steidler et al, 1980; Luce et 
al, 1979; Turvey, 1977; Jabaley et al, 1975; Morgan et al, 
1972; Gwyn et al, 1971). Most studies which have been 
carried out have been retrospective and the details 
concerning the techniques of ophthalmic examination
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Eye Injury Total No. 
Author(s) Specialty (No) (%) of Patients
McCoy et al (1962) Plastic 8 1 855
Milauskas & Fueger 
(1966)
Oph th almology 12 14 84
Converse et al (1967) Plastic 5 10 50
Miller & Tenzel (1967) Ophthalmology 5 17 30
Schultz (1967) Plastic 36 9 400
Gwyn et al (1971) Plastic 19 3.4 567
Morgan et al (1972) Plastic 49 16.3 300
Turvey (1977) Oral Surgery 24 4 593
Luce et al (1979) Plastic 28 2.7 1020
Holt et al (1983) Ophthalmology 487 67 727
Table 4.1 Estimates of the incidence of ocular disorder follow 
ing midfacial trauma in previous studies.
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employed have not been described. Prospective studies have 
included only small numbers of patients (Miller & Tenzel, 
1967).
This prospective study was set up to determine the 
incidence and types of ocular and motility disorders, as 
assessed by the ophthalmologist, in patients who had 
sustained midfacial fractures and who were under the care 
of a maxillofacial surgeon.
4.2 PATIENTS AND METHODS
Three hundred and sixty three patients with midfacial 
fractures due to blunt facial trauma who attended the Oral 
and Maxillofacial Unit at Canniesburn Hospital, Glasgow 
during the period 1 April 1985 to 31 March 1987 were 
admitted to this study. All patients were assessed pre- 
operatively and the minimum follow-up time was one year. 
The details of this group, the methods of assessment and 
Canniesburn's policy on timing of surgical intervention 
are described in chapter 3.
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4.3 RESULTS
4.3.1 Type of Fracture
The study includes data concerning 363 patients with 
confirmed midface fractures who presented during a two 
year period. They had sustained a total of 438 midfacial 
fractures. The majority of fractures involved the malar 
bone either in isolation (280) or in combination with 
other midface fractures (61). Isolated fractures of the Le 
Fort type had been sustained by only 6 patients, while 29 
others sustained Le Fort fractures in combination with 
various other midfacial fractures. Ten patients suffered 
an isolated naso-orbito-ethmoidal (N.O.E.) fracture while 
3 others sustained a frontal bone fracture. Altogether, 64 
of these 363 patients sustained fractures of two or more 
facial bones.
4.3.2 Age and Sex Distribution
Patients having midfacial fractures ranged in age from an 
8-year old boy (who suffered a blow-out fracture when he 
hit a broken door handle with his closed left eye), to an 
84-year old woman (who sustained a tripod malar fracture 
[Type III] in a fall). Males accounted for 81.3% (n=295) 
of all midfacial fracture patients, and females, 18.7% 
(n=68). The majority of patients were males between the
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ages of 10 and 50 years with the peak incidence occurring 
in the 20 to 30-year age group for both sexes (Fig 4.1). 
In women, midfacial fractures were more prevalent in older 
age groups (60 to 80 years) than they were in men.
4.3.3 Monthly Distribution
The monthly distribution of incidence of injury showed 
June to be the month in which the greatest percentage of 
midfacial trauma occurred (14.3%), followed by March 
(12.4%), and May and September, (9.1%) each. June was the 
month in which most of the assaults, road traffic 
accidents and sporting accidents took place.
4.3.4 Cause of Injury
The major cause of midfacial trauma in this study was 
alleged assault, which accounted for 49.9% of all patients 
(181/363). Some of these allegedly assaulted individuals 
(n=85) were under the influence of alcohol when they sus­
tained their trauma while others (n=96) were not. The 
second most common cause was falls (19% or 69 patients), 
of whom 24 (6.6%) had been under the influence of alcohol, 
followed by road traffic accidents and sporting accidents 
which affected 45 patients (12.4%) each. Figure 4.2 shows 
the frequency distribution of the causes of midfacial 
fractures in males and females.
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Alleged assault was more common in males (50.9% of 295) 
than in females (45.6% of 68) while falls were more 
frequent in females (33.8%) than in males (15.6%). Road 
traffic accidents were also a more common cause of mid­
facial trauma in females (17.6%) than in males (11.2%). 
Sporting accidents, on the other hand, were more than ten­
fold more common in men (14.9% of 295) than in women (1.5% 
of 68).
Road traffic accidents were responsible for the injuries 
of 45 (12.4%) of the 363 patients. Within this group, 4 
patients, all male, were involved in car accidents while 
not wearing seat belts, 16 in car accidents while wearing 
seat belts, 8 while sitting in a back seat of a car, 9 in 
motorcycle-related accidents and 8 in motor vehicle- 
pedestrian or other motor vehicle-related accidents.
Industrially-related accidents leading to midfacial 
fractures occurred only in males (n=13).
Figure 4.3 shows the distribution of midfacial fractures 
among the population studied. The most common anatomical 
type of malar fracture was the tripod zygomatico-orbital 
fractures with no distraction of the fronto-zygomatic 
suture (Type III) which affected 34.2% (n=124) of the
patients, followed by tripod fractures with separation of 
the fronto-zygomatic suture (Type IV) in 25.1% (n=91) of
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the patients. Undisplaced zygomatic fractures (Type I) 
were third in prevalence with 11.6% (n=42). Less frequent 
fractures were pure blow-out fractures (Type V), (9.9%,
n=36) and comminuted fractures (Type VII) which affected 
27 patients (7.4%). Twelve patients (3.3%) sustained 
fractures of the zygomatic arch only (Type II), while 
another 8 patients (2.2%) suffered orbital rim fracture 
only (Type VI).
Table 4.2 demonstrates the different anatomical types of 
malar fractures in relation to the causal factors. In all 
causal groups except motorcycle injuries and motor 
vehicle-pedestrian related accidents, tripod fracture with 
no distraction to the fronto-zygomatic suture (Type III) 
was the most common type of zygomatico-orbital fracture. 
Motorcycle injuries and those related to pedestrians 
resulted in a larger percentage of tripod fractures in 
which the fronto-zygomatic sutures were distracted (Type 
IV).
4.3.5 Amnesia
Amnesia (fig 4.4) was common in association with midfacial 
trauma. One hundred and three patients (28.4% of 363) 
suffered from one type Or another of amnesia, which was 
more common in males (89/295=30.2%) than in females (14/68 
=20.6%). Twenty two males and 5 females suffered retro-
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grade amnesia following their injuries, while 51 males and 
6 females suffered the post-traumatic type of amnesia. 
Only 19 patients, 16 males and 3 females, suffered a com­
bination of both types of amnesia. Amnesia was often asso­
ciated with comminuted malar fractures (12/27=44.4%) and 
was most common with road traffic accidents (34/45=75.6%), 
(particularly when no seat belt was worn [4/4=100%]), and 
least common in association with sporting accidents where 
only one individual was affected (1/45=2.2%).
4.3.6 Ocular and Motility Disorders
Enophthalmos
Enophthalmos following midface fracture occurred in 8% of 
the patients (n=29) most of whom were male (n=23). The 
majority of patients were between the ages of 10 and 40 
(n=24) with the peak incidence occurring in the 20 to 30- 
years age group (n=12). Nine of these 29 patients had also 
suffered an associated downward displacement of the globe 
which was not fully corrected by surgery in one case only.
All patients with enophthalmos had sustained either a pure 
(Type V; n=17) or an impure (Type IV or VII with floor 
defect; n=12) blow-out fracture of the orbit which was 
associated with soft tissue entrapment in 13 cases while 
the rest of patients (n=16) had significant displacement
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of orbital contents into the antrum but no functional 
evidence of entrapment. Eighteen of these 29 patients 
(62%) suffered an infra-orbital nerve anaes/paraesthesia.
Enophthalmos was most common with road traffic accidents 
(4/45=8.9%) and with assaults (16/181=8.8%) followed by 
simple falls (4/69=5.8%); and least common following 
sporting accidents (1/45=2.2%).
Motility Disorder
Motility disorder was common in association with enoph­
thalmos. Twenty three of 29 patients (79.3%) exhibited 
symptoms and/or signs of ocular motility abnormality 
manifested by some limitation of ocular movement in one or 
more directions of gaze. Of these 23 patients, 6 
complained of diplopia which was close to the midline, and 
15 were symptomatic only in the extreme gaze. The other 
two patients had amblyopic eyes and, therefore, did not 
appreciate diplopia.
Ocular Injuries
Ocular injuries were common. Table 4.3 illustrates the 
incidence of these eye abnormalities, according to their 
severity, in the population of study. Tables 4.4 and 4.5 
illustrate the same in relation to the type of midfacial
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Le Fort I Le Fort II Le Fort III N.O.E
Eye Abnormality (n=8) (n=22) (n=2) (n=10)
Reduced Visual Acuity 1 7 0 1
Visual Field Loss 0 1 0 0
Impaired Accommodation 0 0 0 0
Eyelid Injury 6 17 1 7
Nasolacrimal Damage 0 2 0 2
Eye Displacement 1 6 0 3
Proptosis 0 1 0 1
Enophthalmos 1 3 0 1
Orbital Emphysema 0 0 0 0
Conjunctival Injury 5 16 1 7
Corneal Damage 0 0 0 0
Pupillary Changes 1 1 1 0
Iris Damage 0 0 0 0
Angle Recession 0 1 0 0
Lens Damage 0 0 0 0
Macular Oedema 0 2 0 1
Commotio Retinae 0 3 0 0
Retinal/Vitreous Damage 0 1 0 0
Choroidal Injury 0 0 0 0
Optic Nerve Injury 0 3 0 0
Retrobulbar Haemorrhage 0 0 0 0
NB Le Fort type fractures were isolated in only 6 cases and
the rest were combined with other midfacial fractures •
Table 4.5 Incidence of ophthalmic disorders in relation to Le Fort 
and NOE fractures.
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fracture sustained, while table 4.6 relates these ocular 
abnormalities to the cause of injury.
The right eye was affected in 152 patients (152/363= 
41.9%), of whom 125 were male (125/295=42.4%) and 27 were 
female (27/68=39.7%). The left eye was involved in 153 
cases (42.2%), 120 males (42.1%) and 33 females (48.5%). 
In 33 patients (9.1%), 29 males (9.8%) and 4 females
(5.9%) both eyes were injured while the rest of the 
patients, 21 males and 4 females, sustained no direct 
ocular trauma whatsoever.
Figure 4.5 illustrates the frequency distribution of 
ocular injuries in relation to their severity for both 
males and females. Only thirty four patients (9.4%) did 
not exhibit any detectable eye injury at all. Most 
patients (63.4%, n=230) suffered only minor or transient 
ocular injuries such as lid bruises, subconjunctival 
haemorrhages and mild impairment of accommodation. Fifty 
seven patients (15.7%) suffered moderately severe ocular 
injuries which were unlikely to have led to permanent 
visual or physiological sequelae. Examples include minor 
eyelid and conjunctival lacerations and enophthalmos. 
Forty two patients (11.6%) sustained severe eye injuries 
such as angle recession, retinal or vitreous injury, or 
optic nerve damage. Of those 42 patients, 9 (2.5%) lost 
vision in the affected eye.
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Severe ocular disorder was more common in females (14.7%) 
than in males (10.8%). However, the difference was not 
found to be statistically significant. The severity of 
ocular abnormality was not found to be significantly rela­
ted to age or to season.
Severe ocular disorder was most common following road 
traffic accidents (Fig 4.6). Nine of 45 patients (20%) 
with confirmed midfacial fractures due to RTA suffered a 
severe ocular abnormality of one type or another. Assaults 
were associated with 11% of severe ocular abnormalities 
(20/181) and falls with 7.2% (5/69) whilst only 4.4%
(2/45) of those individuals who were involved in sporting 
accidents sustained severe ocular injury. Industrial 
accidents were associated with a 23% rate of severe eye 
abnormality (3/13); however, the size of this group is too 
small to allow accurate interpretation.
Road traffic accidents caused the highest proportion of 
impaired vision (28.9%), (X^ : 0.001<p<0.01), while simple
O
falls caused the lowest proportion (5.8%), (X :
0.01<p<0.02). Other causes of facial trauma such as 
assaults, sports and industrial accidents were associated 
with intermediate frequencies of reduced vision (15%).
Figure 4.7 demonstrates the relationship of ocular injury 
categories to the different types of malar fracture
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sustained. One third of all patients with comminuted malar 
fracture (Type VII) suffered a severe ocular disorder 
(9/27=33.3%) while blow-out fractures (Type V) came second 
(6/36=16.7%). No severe ocular disorders were observed 
with fractures of the zygomatic arch only (Type II).
Fifty six of 363 patients (15.4%) had suffered transient 
or permanent visual loss. Causes of impaired vision varied 
from minor, self healing corneal injuries to optic nerve 
avulsion. Permanent loss of vision, ensued in 9 cases and 
was due to traumatic optic neuropathy in each case.
The type of facial fracture was found to be an important 
factor in relation to visual deterioration. Comminuted 
malar fractures were associated with a 41% incidence of 
visual impairment in contrast to 15% for the whole series
(p<0.001).
Visual loss occurred most frequently to the 30 to 40-year 
age group (0.02<p<0.05) and least frequently to the 20 to 
30-year age group patients (p<0.001). Females were 
significantly more likely to suffer visual loss than males 
of the same age group (0.01<p<0.02).
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4.4 DISCUSSION
To my knowledge, this report is the largest prospective 
survey of the ocular sequelae of midfacial fracture 
currently available. Ocular injury of varying severity is 
a common sequel to midfacial fracture (Paton & Emery, 
1973). The severity of the facial fractures is dependent 
upon the nature of the injury and is directly related to 
the likelihood and severity of trauma to the eye. Disrup­
tion of the orbital walls deprives the eye and its adnexae 
from the protection they are normally afforded (Jabaley et 
al, 1975).
In the present study, patients with the most severe head 
or facial injuries warranting neurosurgical intervention 
are managed in a separate unit and have not been included 
in this report. It can be anticipated, however, that such 
individuals are highly susceptible to injury of the visual 
system.
Disturbance of ocular motility was also a common sequel. 
The details of the motility disorders seen in this series 
of patients are described separately (Chapter 5).
The major cause of maxillofacial trauma in this study was 
alleged assault. The patients assessed were from a large 
industrialised area with a high rate of unemployment
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(Ellis et al, 1985). This may be related to the fact that 
the majority of injured patients were young adult males 
who sustained their injuries in alleged assaults. This 
cause of fracture and type of patient correspond to the 
results found in comparable studies (Altonen et al, 1976; 
Lundin, 1973).
Although alleged assaults were more common in males than 
in females, the difference was not found to be statistic­
ally significant. Falls, however, were far more common in 
females than in males (0.001<p<0.01).
In general, fractures were almost equally shared between 
both sides of the face. However, fractures sustained due 
to assaults were predominantly left-sided which relates 
with the fact that the majority of people are righthanded. 
This finding is in agreement with the investigations of 
Muller and Schoeman (1977), Altonen et al (1976) and 
Hitchin and Shuker (1973) who also found that assault 
victims displayed a predominance of left-sided fractures.
June was the month in which the greatest incidence of 
injury occurred. This, probably, is expected in a summer 
month where most of the assaults, RTA's and sporting 
events take place.
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It was interesting to find that patients who sustained a 
head injury severe enough to cause amnesia were more 
likely to suffer a disturbance to their visual system. As 
expected, amnesia was most common following road traffic 
accidents. The protective effect of seat belts is evi­
denced by the fact that, in this series, all unrestrained 
patients developed concussion manifested by amnesia.
Traumatic enophthalmos is usually due to enlargement of 
the orbital cavity subsequent to a floor or, less common­
ly, medial wall fracture (Converse & Smith, 1956); al­
though dislocation of the trochlea, atrophy of orbital 
fat, cicatricial contraction of retrobulbar tissue and 
rupture of orbital ligaments or fascial bands had all been 
previously incriminated (Benedict, 1936).
Pfeiffer (1943) reviewed 53 patients with traumatic enoph­
thalmos following facial bone fractures and noted orbital 
bone involvement in each case. Of these, 24 patients 
sustained pure blow-out fractures which were due to 
assaults in 58% (n=14), and road traffic accidents in 17% 
(n=4) of cases. The present study's figures are closely in 
accordance with those of Pfeiffer. Enophthalmos following 
facial trauma should always raise suspicion of an orbital 
wall fracture and a CT scan is advisable when plain x-rays 
are negative.
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There is a number of reports with large series of facial 
fractures in which associated injuries are reported 
(Steidler et al, 1980; Morgan et al, 1972; Gwyn et al, 
1971) but most of these reports only mention briefly or 
fail to characterise specific ocular complications.
The very low incidence of ophthalmic injury reported by 
non-ophthalmic authors (Luce et al, 1979; Turvey, 1977; 
Morgan et al, 1972; Gwyn et al, 1971; Schultz, 1967; 
Converse et al, 1967; McCoy et al, 1962) probably 
indicates that significant ophthalmic pathology may have 
gone undetected. On the other hand, the low incidence of 
ophthalmic injury reported by some ophthalmic surgeons 
(Miller & Tenzel, 1967; Milauskas & Fueger, 1966) may 
indicate that only the more serious ocular injuries had 
been reported while mild and less serious injuries were 
not mentioned.
The overall incidence of ophthalmic injury of any severity 
(including sub-conjunctival haemorrhages) following 
maxillofacial trauma in this series is 90.6% (329/363).
This figure is significantly higher than those previously 
published in the literature including the 67% rate 
reported by Holt et al (1983). However, Holt's series was 
retrospective, included only 51% of facial fracture 
patients potentially available for assessment and provided 
limited follow-up documentation. It was therefore selec­
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tive on the part of the attending maxillofacial surgeon 
and allowed no definite conclusions to be drawn concerning 
the possibility of undetected eye injuries in the patients 
who did not have formal eye examination.
The results of this study reinforce the contention that 
road traffic accidents cause more severe ocular injuries 
than any other cause of facial trauma (Holt et al, 1983; 
Petro, et al, 1979). Similarly, they demonstrate that com­
minuted malar fractures are associated with the highest 
incidence of visual dysfunction.
Fortunately, many of the ocular injuries in this series 
were transient and of no permanent consequence. However, 
the incidence of 11.6% (42/363) of patients with serious 
or blinding injuries is significant. Of particular impor­
tance are those cases of optic nerve contusion or compres­
sion (2.5%). Total loss of vision in quite healthy look­
ing eyes is not uncommon following facial trauma. Ketchum 
et al (1976) presented two cases of bilateral blindness 
without direct injury to the globe and postulated that a 
haematoma, ischaemia, or direct bone fragment penetration 
of the optic nerve may have been the cause. In the light 
of the recent study by Mauriello and associates (1992) 
illustrating the proper timing of surgical decompression 
of the optic nerve and response to 'mega-dose' cortico­
steroid therapy, such injuries may deserve immediate and
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aggressive management especially if the initial 
examination demonstrates some vision immediately following 
the injury.
4.5 CONCLUSIONS
The results of the eye examination, while they do not 
often alter the type of fracture repair, may influence the 
indications and timing of the repair as treatment of 
certain ocular injuries, such as optic nerve compression, 
must be instituted at once. The proper time for an eye 
examination, especially visual acuity testing, is at the 
time of initial assessment of the patient's trauma. All 
patients sustaining midfacial fracture associated with a 
significant decrease in visual acuity either pre- or post- 
operatively should, ideally, have an early ophthalmo- 
logical review.
Many patients sustaining facial injury make recourse to 
legal or insurance claims. The results of detailed 
ophthalmic assessment often add weight to such cases and 
significantly affect levels of compensation paid.
The data accruing from this study have been subjected to 
discriminant function analysis and has resulted in the 
development of a scoring system which allows the maxillo-
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facial surgeon to determine which patients warrant 
ophthalmic referral and with what urgency (Chapter 6).
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5. DIPLOPIA FOLLOWING MIDFACIAL FRACTURES
5.1 INTRODUCTION
Diplopia resulting from extra-ocular muscle imbalance is a 
common complication of fractures of the zygomatico-maxil- 
lary complex (Yee et al, 1975). The reported incidence of 
diplopia ranges between 15% of recent to 56% of late 
presentations of zygomatic fractures (Tajima et al, 1974). 
Blow-out fractures of the orbit comprise the most common 
cause of diplopia (Helveston, 1977) which occurs in 
between 36 and 86% of such cases (Leibsohn et al, 1976; 
Converse et al, 1967).
Vertical diplopia on up and down gaze commonly results 
from the soft tissue incarceration which follows an orbit­
al floor blow-out fracture; whilst impairment of abduction 
may be a sequel to the less common medial wall blow-out 
fracture (Piddle, 1968) or a traumatic VI nerve palsy. 
Orbital rim fractures without blow-out fractures may also 
result in diplopia (Converse et al, 1961) which may be 
transitory. This diplopia has been attributed to impair­
ment of movement due to oedema, haematoma or injury to the 
extra-ocular muscles or their nerve supply (Converse et 
al, 1961; Barclay, 1958).
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Entrapment of orbital tissue, extra-ocular muscle, check, 
ligament injury, intra-orbital haemorrhage or oedema, or 
paresis due to cranial nerve injury, must be differen­
tiated from one another as they may give rise to similar 
clinical features but their management differs (Thaller- 
Antlanger, 1980). A detailed history, thorough clinical 
examination and appropriate radiological evaluation is 
therefore required in order to establish the cause of 
double vision and to plan appropriate treatment.
The present prospective study has been carried out in 
order to relate the type of injury sustained to the inci­
dence and severity of subsequent eye movement disorder and 
thereby to identify the risk factors involved and to 
determine the prognosis for the restoration of binocular 
single vision.
5.2 PATIENTS AND METHODS
Three hundred and sixty three patients with midfacial 
fractures due to blunt facial trauma, the details of which 
have already been described (Chapter 3), were admitted to 
this study. All patients were assessed preoperatively and 
the follow-up time was up to 2 years for those patients 
with motility disturbances. At each consultation patients 
were asked whether they were troubled by double vision.
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The duration of diplopia from the time of injury was 
classified into six categories:
1. Less than one day.
2. One day to one week.
3. One week to one month.
4. One month to six months.
5. Six months to one year, and
6. More than one year.
Diplopia was classified according to the following sub­
categories :
1. Close to midline (within 15° of fixation).
2. In eccentric gaze (outside 15° of fixation), or
3. Diplopia, of either category, which developed 
following surgery.
5.3 RESULTS
Three hundred and sixty three patients (295 males and 68 
females) sustained a total of 438 midfacial fractures. The 
frequency distributions of the types and causes of these 
fractures have already been illustrated in chapter 4.
Seventy two of 363 patients (19.8%) complained of diplopia 
at the time of injury (Fig 5.1). Fifty eight were male
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(19.7% of the male population) and 14 were female (20.6% 
of the female population). They had sustained a total of 
94 midfacial fractures. Eighteen out of these 72 patients 
(25%) had sustained multiple fractures at 2 or 3 facial 
sites. However, the difference between multiple injury and 
single injury as a risk factor in the causation of 
diplopia was not found to be statistically significant.
5.3.1 Cause of Trauma
Diplopia was most common in association with road traffic 
accidents (14/45=31.1%), and least common with simple 
falls (7/69=10.1%), while assaults and industrial 
accidents yielded 20.4% (37/181), and 23% (3/13) of
diplopia patients respectively (fig 5.2).
5.3.2 Type of Fracture
The incidence of diplopia was related to the type of 
fracture sustained (fig 5.3). Diplopia was most common 
following blow-out fractures of the orbit (Type V), whilst 
it did not occur with isolated fractures of the orbital 
rim (Type VI). Twenty one (58.3%) of the patients with an 
orbital blow-out fracture had diplopia, all but one had 
their orbital floors explored. Eleven of these patients 
were found at surgery to have soft tissue entrapment in 
the orbital floor whilst one exhibited entrapment in the
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floor and medial wall. Eight patients had displacement of 
orbital contents into the antrum but no entrapment was 
elicited at the time of surgery. The remaining patient 
demonstrated entrapment of the superior oblique tendon in 
an orbital roof fracture verified by CT scan (Al-Qurainy 
et al, 1988).
Almost 30% of patients ( 8  out of 27) with a comminuted 
malar fracture (Type VII) suffered of diplopia, while 22 
of the 91 patients (24%) who had sustained a malar 
fracture with a distracted fronto-zygomatic (F-Z) suture 
(Type IV) were aware of double vision. A smaller 
proportion of patients (10 out of 124), (8.1%) complained
of diplopia when the F-Z suture was undistracted (Type 
III) or when the fracture involved only the zygomatic arch 
(Type II) (1/13 = 8.3%). Malar fractures which were
classified as undisplaced (Type I) led to diplopia in 
11.9% of cases (5 out of 42). With regard to maxillary 
fractures, 1 of the 2 patients with a Le Fort III type 
fracture and 8  of the 22 patients with a Le Fort II type 
fracture (36.4%) reported diplopia. However, all these 
patients with Le Fort fractures had also sustained other 
facial fractures.
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5.3.3 Types of Diplopia
On examining the 72 patients with diplopia (Fig 5.4), 19 
(26.4%) of them had diplopia close to the midline whilst 
46 (63.9%) only experienced diplopia in extreme
(eccentric) gaze. Seven (9.7%) patients who initially 
reported symptoms of diplopia which had been confirmed on 
first examination were found to have recovered by the time 
they were seen in the eye clinic within a week of injury.
Fifteen of the 19 patients with diplopia close to the 
midline had sustained a pure (6 ) or an impure (9) blow-out 
fracture. Nine of these 15 patients had demonstrable soft 
tissue entrapment at surgery, the other 6  patients had 
significant orbital content displacement but no true 
entrapment. The remaining patients had sustained a range 
of facial fractures; N.O.E. (2), Le Fort II (1), type I 
malar fracture (1 ).
5.3.4 Recovery of Diplopia
Diplopia was transient, lasting only for a few seconds or 
minutes in 2 out of the 72 (2.8%) diplopia patients (Fig 
5.5). A quarter of the patients (18) recovered in a matter 
of few hours to one week. Twenty one patients (29.2%), 
however, recovered within one to four weeks, and another 
18 (25%) suffered from diplopia for between one to six
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months. Eight (11.1%) of the patients with diplopia 
required 7 to 12 months to recover, and 5 (6.9%) complain­
ed of diplopia for greater than 1 2  months from the date of 
injury.
Four of the 13 patients with diplopia for more than 6  
months had sustained a tripod fracture with a distracted 
F-Z suture (Type IV), 6  patients had sustained a blow-out 
fracture (Type V) and 3 had suffered comminuted fractures 
of the zygomatico-orbital complex (Type VII) with associ­
ated skull fractures.
With regard to the 5 patients who suffered diplopia for 
more than a year, 2  had sustained pure blow-out fractures 
of the orbital floor and another 2  had received tripod 
fractures with distraction of the F-Z suture. One patient 
had sustained a combination of a comminuted zygomatico­
orbital fracture, a maxillary fracture at Le Fort II level 
and an associated skull fracture.
The causes of injury in the 13 patients with diplopia for 
greater than 6  months were RTA (3 patients) and assault (7 
patients), the rest of the patients suffered an industrial 
accident (1 ), a sporting injury (1 ) and a home accident in 
an 8 -year old child (1). There does not appear to be a 
relationship between the aetiology of the injury and 
persistence of diplopia.
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Diplopia was seen only in extreme (eccentric) gaze in 12 
out of the 13 patients with persistent diplopia and it did 
not cause them concern. One patient had troublesome 
diplopia in the primary position of gaze for which he 
required squint surgery.
In this series of 363 patients, 10 patients (2.8%) 
developed a III, VI or VII nerve palsy. Five of them 
followed road traffic accidents, 4 were due to assault and 
one was due to an industrial accident. There were 2 cases 
of abducent nerve palsy and 1 case of an oculomotor nerve 
paralysis. In these cases spontaneous recovery took place 
within 7 months. Seven patients developed a facial nerve 
palsy. No case of trochlear nerve palsy was identified.
Six of the patients with cranial nerve palsy developed 
diplopia. Three of these were patients with abducent and 
oculomotor nerve palsies. The other three patients had 
facial nerve palsies, the cause of diplopia in these cases 
was a consequence of the orbital fracture. The type of 
fracture and cause of injury was different in each case.
5.4 DISCUSSION:
Diplopia resulting from facial fractures has frequently 
been reported. However, a review of the literature shows 
that little attention has been paid to the course of
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recovery and the prognosis. Moreover, no attempt has been 
made to link diplopia to the cause or type of injury 
contributing to it. The reported incidence of diplopia 
following facial trauma (Table 5.1) is variable. It ranges 
between 1% (McCoy et al, 1962) and 8 6 % (Converse et al, 
1967). In this study, 19.8% of 363 patients suffered 
diplopia. This is comparable to the work of Tajima (1974) 
and Hakelius and Ponten (1973) who reported figures of 21% 
and 15% respectively. However, figures of incidence of 
diplopia rise to high levels when the population of study 
is pre-selected as for example in the case of blow-out 
fractures (Greenwald et al, 1974; Converse et al, 1967).
Road traffic accidents were the most common cause of 
diplopia in this study (fig 5.2). Thirty one percent of 
all patients involved in RTA complained of diplopia. The 
second most common cause was assault associated with 
alcohol consumption (23.5%). However, I have seen more 
patients with diplopia overall due to assault than in any 
other category because of the high number of assaulted 
patients in this series. The incidence of diplopia was 
higher among patients who were assaulted whilst under the 
influence of alcohol (23.5%) than among those who were 
sober (17.7%). However, the difference between these two 
groups was not statistically significant. Industrial 
accidents led to diplopia in 23% of cases. Smaller 
percentages of diplopia were seen following sporting
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Author(s) Incidence Population of Patients
McCoy et al (1962) 1 .0 % Middle third fractures
Converse et al (1967) 8 6 .0 % Blow-out fractures
Hakelius & Ponten (1973) 2 1 .8 % Midface fractures
Tajima et al (1974) 15.0% Recent zygomatic fractures
Tajima et al (1974) 56.0% Late zygomatic fractures
Greenwald et al (1974) 70.0% Blow-out fractures
Leibsohn et al (1976) 36.0% Blow-out fractures
Steidler et al (1980) 32.1% Middle third fractures
Table 5.1 Incidence of diplopia following facial fractures as 
quoted in other studies.
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accidents (19.1%) or following a fall (8.3%). I find no 
such detailed classification of diplopia in relation to 
aetiology to compare these results with. Patients with 
Type IV, Type V and Type VII (pure or impure blow-out) 
fractures were found to be more likely to suffer from 
persistent diplopia ( > 6  months).
Diplopia is most frequently associated with blow-out frac­
tures of the orbit. Converse et al (1967) reported the 
incidence to be 8 6 % and Greenwald (1974) reported 70%. The 
more recent work by Leibsohn (1976) showed the incidence 
to be 36%. In this study, blow-out fractures contributed 
to diplopia in 58.3% of cases. The present study’s figures 
probably represent a relatively unbiased spectrum of mid­
facial fractures. By contrast, it is possible that an 
element of pre-selection contributed to the high propor­
tions quoted by Greenwald (1974) and Converse et al 
(1967).
Maxillary fractures at the Le Fort III and Le Fort II 
levels associated with other facial fractures were common 
causes of diplopia, as were the naso-orbito-ethmoidal 
fractures. This probably represents the severity of the 
injury. This study does not, however, accurately represent 
the incidence of diplopia in this group of patients as 
many of the more serious Le Fort fractures are associated 
with head injuries and therefore treated by the
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Canniesburn maxillofacial staff in the neurosurgical unit 
and have not been included in this study.
Maxillofacial fractures are associated with a significant 
head injury in 25% of cases (Converse & Smith, 1963). 
Therefore, in addition to direct orbital trauma affecting 
ocular motility, various degrees of damage to the central 
nervous system, as well as possible trauma to the cranial 
nerves can take place (Smith et al, 1971). Loss of the 
ability to fuse the images from both eyes after trauma has 
been described by Stanworth (1974) and Hart (1969), and 
trauma is a recognised cause for the breakdown of an 
existing heterophoria (Lee, 1983). A cranial nerve palsy 
may affect ocular motility. A review of literature (Table 
5.2) shows that motor cranial nerve palsy following head 
and/or facial trauma ranges between 3% in closed head 
injuries (Russell, 1960) and 71% following fatal RTA 
(Heinze, 1969). No case of IVth nerve palsy was identified 
in this study. However, trochlear nerve injuries are 
usually less common than those affecting the oculomotor or 
abducens nerves (Burger et al, 1970).
Orbital fractures commonly give rise to double vision. Not 
surprisingly, severe injuries resulting in comminution or 
fronto-zygomatic distraction or blow-out fractures pose 
the greatest risk. Eight percent of patients with zygoma­
tic arch fractures developed diplopia on eccentric gaze
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Author(s) Incidence Basis for Selection
Rucker (1958) 16.2% Blunt trauma to the head
Russell (1960) 3.0% Closed head injuries
Scharder & Schletzinger
(1960)
2.9% Vlth nerve palsy only
Hughes (1964) 7.0% Head injuries
Rucker (1966) 14.3% Blunt trauma to the head
Heinze (1969) 71.0% Fatal RTA only
Burger et al (1970) 39.0% IVth nerve palsy only
Robertson et al (1970) 2 0 .0 % IVth nerve in children
Table 5.2 Incidence of oculomotor palsy following head and/or 
facial trauma as cited by other authors. Note that Scharder & 
Schletzinger1s study was exclusively on patients with isolated 
abducens nerve paralysis to show the relative frequency of the 
various aetiologies of which head and/or face trauma was 
responsible for 2.9% of cases. Similarly, Burger's study was 
carried out exclusively on patients with acquired isolated 
trochlear nerve palsy of which 39% of cases was due to trauma.
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but this settled rapidly. Diplopia in these cases may have 
been caused simply by oedema.
The present policy in the Oral and Maxillofacial Surgery 
Unit at Canniesburn Hospital is to operate early (within 2 
weeks) on patients who have sustained facial trauma. Only 
8  out of the 72 patients were treated conservatively, all 
of whom had sustained undisplaced fractures, and whose 
diplopia resolved spontaneously.
Resolution of diplopia is not well documented in the 
literature. Often, diplopia has been given as a reason to 
advocate early (Harley, 1975) or late (Langnickel & 
Munich, 1978) surgical treatment of maxillofacial trauma. 
Retrospective studies are biased in their patient 
selection since those patients who were not treated 
surgically were either considered not to warrant treatment 
or they had declined surgery. Putterman (1974) retrospect­
ively reviewed the clinical course of 28 patients and 
prospectively assessed 29 patients following blow-out 
fractures of the orbital floor which had not been treated 
surgically. The relatively benign outcome in these 
patients demonstrated, in that author's opinion, the 
feasibility of managing blow-out fractures without 
surgery. This opinion, however, has not been shared by 
many other authors (Reeh & Tsujimura, 1966; Patterson et 
al, 1962; Smith & Regan, 1957; Smith & Converse, 1957) who
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have recommended an early exploratory and active surgical 
approach for the fear of persistent diplopia and dis­
figuring enophthalmos•
The risk factors for the development of diplopia are: road 
traffic accidents, blow-out fracture and comminuted malar 
fracture. For persistent diplopia however, the only risk 
factor which is statistically significant is the pure or 
impure blow-out fracture.
Only one out of 363 patients in the present series 
required squint surgery for diplopia and he had suffered a 
medial wall blow-out fracture that had initially been
overlooked. Early surgical reconstruction, especially of 
the orbital floor, and conservative management of motility 
disorders may, in this series, have contributed to a 
satisfactory outcome for the patients.
5.5 CONCLUSIONS
It is my belief that all patients with diplopia in the 
primary position of gaze should be evaluated by an ophth­
almologist in order to establish the cause and to
determine the optimum plan of management. Mild diplopia
may be caused by oedema, haematoma, nerve palsies or 
entrapment. These causes can be differentiated with
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appropriate investigations such as the forced duction and 
force generation tests.
Early surgery for blow-out fractures with manifest 
clinical and radiological features has, in this study, not 
been associated with long standing motility disorder, and 
the belief that diplopia may be aggravated permanently by 
surgery is disproved. In this study no patient developed 
persistent diplopia as a direct result of surgery.
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6. MIDFACIAL FRACTURES AND THE EYE: THE DEVELOPMENT OF A 
SYSTEM FOR DETECTING PATIENTS AT RISK OF EYE INJURY
6.1 INTRODUCTION
Maxillofacial fractures are commonly complicated by 
injuries to the visual system (Holt & Holt, 1983; 
Culbertson, 1983; Petro et al, 1979). Such injuries may be 
difficult to detect without the requisite expertise and 
equipment. However, it is impractical to refer all such 
patients for ophthalmic assessment. In order to determine 
the optimum criteria for referral of appropriate patients 
to the ophthalmologist, a scoring system, based upon a 
prospectively assembled data base of patients with 
maxillofacial fractures, has been devised.
6.2 PATIENTS AND METHODS
The data-base comprises a cohort of 363 patients with a 
variety of midfacial fractures who had been sent as 
secondary referrals to the Oral and Maxillofacial Unit at 
Canniesburn Hospital during a two year period. The details 
of this group and the methods of assessment have already 
been described in chapter 3.
Table 6.1 lists the criteria chosen as 'predictors' for 
potential ophthalmic injury. The predictors comprise the
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1. Basic patient data
Sex
Age
Month of injury
2. Cause of injury
3. Site of injury - determined clinically and radiologically
Malar fracture site 
Maxillary fracture site 
Other fracture site
Entrapment of soft tissue (floor or medial wall blow-out) 
Injury in the region of the trochlea
4. Method(s) of surgical treatment
5. Ophthalmic data
Affected eye/side 
Visual acuity
6 . Ocular motility data
Symptoms: Double vision
History of transient double vision with 
recovery
Pain on eye movement
Signs: Abnormal head posture to compensate for double
vision
Manifest deviation of the eye in the primary 
position of gaze
Restriction of extra-ocular movements found on 
clinical examination
Convergence insufficiency
7. Evidence of associated injuries
Amnesia
Cranial nerve palsies
Table 6.1 List of information available to the maxillofacial 
surgeon which was tested as comprising predictors for 
the outcome of ophthalmic injury.
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data which are immediately available to the maxillofacial 
surgeon. Tables 3.3, 3.4, and 3.5 (Chapter 3) list the eye 
injuries as 'outcomes' divided into the categories of non­
referral, routine referral and early referral. A brief 
justification for selecting each parameter as an outcome 
is also given.
The methods of statistical analysis were as follows:
(a) Selection of Risk Factors
Each predictor was initially considered separately. 
The data were cross-classified according to the type 
of referral required and the value of each predictor. 
From each two-way contingency table which resulted 
the Chi-squared statistic was computed and predictors 
were noted for which the statistic was significant at 
or near the 5% level of confidence (Armitage, 1971).
(b) Construction of a Scoring System
The data concerning referral type (non-referral = 0; 
routine-referral = 1 ; early-referral = 2 ) were com­
bined with the data obtained for the predictors which 
had been selected as risk factor in the manner out­
lined above. These were analysed using a stepwise 
linear regression analysis. This was carried out
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using the 'STEPWISE* command in Minitab with forward 
selection of variables (Minitab Reference Manual, 
Release 7, pp. 7-15 to 7-19). Incomplete cases are 
omitted at this stage, although assessment of the 
final method used all cases for which all necessary 
variables were available. The precise values of the 
regression coefficients have had a nominal p-value of 
less than 0.05. This procedure comprises a means of 
selecting a subset of the predictors which extracts 
the meaningful predictive information contained by 
all the predictors. The resulting subset therefore 
provides a parsimonious but efficient means of 
prediction. The coefficients in the corresponding 
regression equation were then rounded off to more 
convenient numbers to provide the formula for the raw 
score shown in the 'Results' section. This raw score 
was, in turn, converted to a refined score suitable 
for use in every day practice. Most statistical 
analyses were carried out by Professor Titterington 
(Department of Statistics, University of Glasgow) 
using the statistical package MINITAB (Ryan et al, 
1985).
6.3 RESULTS
The principal risk factors which, in combination, success­
fully detected the largest numbers of patients deemed to
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warrant referral to the ophthalmologist were as follows:
(a) Impairment of visual acuity; this emerged as the most 
sensitive single predictor for ophthalmic injury (see 
Table 6.2 for the associated contingency table). (b) Com­
minuted malar fractures were associated with the most 
severe ocular and motility defects, no doubt because the 
protection afforded by an intact lateral orbital wall was 
lost and the eye and orbital tissues were subjected to 
compressive injury, (c) Pure blow-out fractures commonly 
produced motility defects which were also deemed to 
warrant ophthalmic referral, (d) Abnormalities of eye 
movement can, in most cases, be easily detected by the 
maxillofacial surgeon primarily on the basis of double 
vision. Although this predictor 'overlaps' with comminuted 
and blow-out fractures it emerged as a predictor which 
identified additional cases deemed to warrant referral, 
(e) Finally, those patients who were injured severely 
enough to cause amnesia had sustained severe injuries 
which commonly affected the visual system.
The scoring system developed from the risk factors was 
tested by determining the sensitivity and specificity for 
the detection of the ophthalmic conditions listed in 
Tables 3.3, 3.4 and 3.5 (Chapter 3), and by computing the 
value of the Chi-squared statistic. The basic scoring 
system produced by the regression analysis involved the 
creation, and testing, of many similar but distinct
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V.A. CODE 0 1 2 3 4
REFERRAL CATEGORY NUMBER OF PATIENTS ENTERING EACH CATEGORY
Non-referral 250 13 (4) (0 ) (0 )
Routine referral 39 9 6 2 0
Early referral 18 2 5 2 8
Scores: 0-4 refer to the values given to visual acuity.
Table 6.2 The categorisation of 363 patients according to their referral 
criteria based on changes in visual acuity only. The numbers underlined 
identify those patients who should have been referred an clinical ground 
but were not (false negatives) because the visual acuity was normal or only 
mildly reduced. The numbers in parentheses denote false positives. (The 
visual acuity code comprises 0*6/6 or better; 1*6/9-6/12; 2=6/18-6/24; 
3=less than 6/24; 4*no perception of light).
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scoring rules. This led to the following system which 
provided the highest value of Chi-squared.
(a) Visual acuity variable (X^ )
where 0 = normal visual acuity (6/4-6/6)
1 = visual acuity mildly reduced (6/9-6/12)
2 = visual acuity moderately reduced (6/18-6/24)
3 = visual acuity severely reduced (<6/24)
4 * loss of vision
(b) Malar fracture type (X^ )
1  = if fracture is comminuted or blow-out
0  ■ if otherwise
(c) Motility disorder (X3 )
1  = if motility disorder present
0  = if motility disorder absent
(d) Amnesia (X^ )
1  ■ if amnesia (retrograde and post-traumatic
amnesia) present 
0  = if otherwise
From these parameters, the following scoring system was 
computed:
Score = (4 x X^) + (3 x X2 ) + (3 x X3 ) + (5 x X^)
The "round number" weights in the scoring formula were 
created as approximations to the actual values that came 
out of the stepwise regression analysis. In relative 
terms, the rounded numbers were in proportion to the 
actual numbers, they therefore served effectively in terras 
of sensitivity and specificity and they are clearly 
convenient in their simplicity.
178
The score values were then interpreted by the decision 
rule as follows:
If score = 0 (non-referral)
If score = 1-4 (non-referral)
If score = 5-8 (routine-referral)
If score = 9-11 (routine-referral)
If score - 12 or more (early-referral)
When this system, based on visual acuity changes only, is 
applied to the population of 363 patients it gives a 
sensitivity value of 80% and the categorisation of results 
shown in Table 6.2 is obtained.
Table 6.3 shows that the scoring system described above 
results in appropriate referral in the majority of cases 
when the rest of the variables is taken into account, 
although a total of 37 patients (Table 6.4) received 
scores of 0  or 1  but should have been referred and a total 
of 26 patients received scores of 5 or more but would not 
have warranted referral. The tests of validity for these 
scores are as follows:
Sensitivity value = 89%
Specificity value = 90%
Predictive value of a positive test = 92%
Predictive value of a negative test = 87%
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REFINED SCORE 0 1-4
0
0iin 9-11 12+
REFERRAL CATEGORY NUMBER OF PATIENTS ENTERING EACH CATEGORY
Non-referral 173 69 (2 2 ) (3) (1)
Routine referral 1 0 1 2 24 5 4
Early referral _5
1 2
5 7 13
Thbie 6.3 The referral categorisation of the same patients as in Table 6.2, 
taking into account the factors shown in Table 6.5. The numbers underlined 
comprise the false negative population where as the numbers in parentheses 
denote the false positives.
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No. of 
Cases Eye Abnormality Desired Outcome
2 Flat retinal hole Early Referral
1 Vitreous Haemorrhage Early Referral
6 Angle recession Early Referral
5 Proptosis Early Referral
3 Uncomplicated vitreous floater Routine Referral
1 Lens damage (traumatic cataract) Routine Referral
4 Enophthalmos Routine Referral
6 Eyelid laceration Routine Referral
2 Nasolacrimal damage Routine Referral
4 Moderate/severe failure 
of accommodation
Routine Referral
3 Traumatic pupillary changes Routine Referral
37 Patients
Table 6.4 The characteristics of patients whose 
falsely predicted not to warrant referral to the 
negatives).
eye abnormalities were 
ophthalmologist (false
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As shown in Table 6.4, the patients which this system 
failed to identify as referrals included five patients 
with proptosis. However, as in each of these cases the 
visual acuities were not impaired, sight-threatening 
retro-bulbar haemorrhage was not implicated and referral 
may not have resulted in any tangible benefits for the 
patients. Four patients with impaired accommodation were 
also missed by this system. However, the visual acuities 
in these patients were measured for distance and were 
normal. The majority of bedside examinations by maxillo­
facial surgeons would utilise near visual acuities and 
would therefore identify patients with impaired accommo­
dation as having impaired vision and warranting referral. 
The major cause for concern in this series, however, 
centred on six patients with peripheral retinal/vitreous 
damage and six patients who were found to have angle 
recession. It would appear that, short of carrying out 
prospective examination of such patients, they are liable 
to 'slip through the net' of the scoring system described 
because they could only be identified by specialised slit- 
lamp and ophthalmoscopic examination.
6.4 DISCUSSION
The scoring system described above is designed to be 
applied at the time the patient first presents and has a 
high predictive accuracy for the patient cohort from which
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it was derived. It requires to be tested upon a new group 
of patients in order to determine whether or not the 
values reported still hold for such a group (Chapter 7). 
The clinical data sheet being employed for this purpose is 
illustrated in Table 6,5,
The method for constructing the scoring system from the 
selected class of informative predictors is undoubtedly 
informal from a statistical point of view. In particular, 
the application of linear regression analysis to data of 
this type, using the arbitrary scores of 0 , 1 or 2  assign­
ed to the three types of referral is, in itself, not above 
criticism. It should be emphasised, however, that this 
technique was used here as a 'stepping stone' to the scor­
ing system which forms the major product of this chapter. 
The scoring system itself has been validated legitimately 
and has been identified as being empirically as good as 
any similar system so far evaluated. On the other hand, 
the system is not sacrosanct, in that any of a wide class 
of alternative minor variants perform almost as well. A 
comparatively informal approach for the construction of 
the scoring system has been used because of the unwieldily 
nature of the data and partly because regression analysis 
with an ordered categorical response variable (such as the 
scores assigned to the referral type) combined with the 
incorporation of stepwise selection of predictors remains 
a topic of basic statistical research.
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Clinical Feature Initial Score Final Score
Visual Acuity
6 / 6  or better 0
6/9 - 6/12 4
6/18 - 6/24 8
6/36 or less 1 2
No light perception 16 ( )
Malar Fracture Type
Comminuted (VII) 3
Blow-out (V) 3
Otherwise 0 ( )
Motility Abnormality
Present (eg diplopia or squint) 3
Absent 0 ( )
Amnesia
Retrograde + PTA 5
Otherwise 0 ( )
Total Score ( )
Consider adding (1) to the final score if one or more of the
following factors exist and total score is (1 1 ): —
If sex is female
If Age is 30-39 years
If cause of injury is RTA
Referral to the Ophthalmologist
If total score = 0 - 4 : Do not refer
■ 5 - 11 : Consider routine referral
= 12 + : Consider urgent referral
T&ble 6.5 Scoring sheet used try the maxillofacial surgeon to determine 
which patients with midface injuries warrant referral to an ophthalmo­
logist.
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The patient cohort upon which this study was based does 
not include individuals with additional head injuries 
warranting neurosurgical admission. However, the database 
upon which the scoring system is based is sufficiently 
broad to ensure its reliability. Moreover, it was the 
ophthalmic OUTCOME which determined the general nature of 
the PREDICTORS which thereby ensures reliability of the 
system when it is applied to different patient groups.
The selection of 'predictors' and 'outcomes' was inevitab­
ly empirical as was the selection of referral criteria. 
However, these were discussed with a number of maxillo­
facial surgeons and ophthalmologists before being chosen 
and hopefully provide a consensus from both specialties. 
It may be considered that other predictors can be 
identified which will effectively select additional 
patients for referral. Other predictors which were 
considered, and which in isolation were found to have a 
fair predictive value, comprised sex (females were more 
likely to have sustained significant ocular injury than 
males, perhaps because they did not defend themselves so 
well), age (individuals between the ages of 30-39 were 
more likely to have sustained ophthalmic injury than in 
any other age group) and road traffic accidents (those 
patients involved in road traffic accidents were more 
likely to have sustained ophthalmic injuries than from any 
other cause). However, when these predictors were
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considered within the above system they failed to identify 
any additional individuals warranting referral.
Holt et al (1983) classified eye injuries associated with 
facial fractures into three categories, minor or tempo­
rary, serious and blinding. They defined minor injuries as 
those injuries without permanent, visual or physiological 
sequelae; serious injuries as those producing sustained 
visual loss or adnexal sequelae requiring subsequent 
reconstructive measures; and blinding injuries as those 
resulting in either no light perception or loss of the 
eye. Although this classification effectively serves to 
highlight the fact that a large proportion of patients 
with maxillofacial injuries are subject to significant 
ocular sequelae, it does not identify those individuals 
for whom an ophthalmic referral may be indicated.
6.5 CONCLUSIONS
In conclusion, the principal predictor for the detection 
of ophthalmic injury is visual acuity. It is therefore of 
the utmost importance that this parameter be assessed in 
all patients sustaining orbital injuries sufficient to 
cause facial fracture. The application of the scoring 
system described, when taken in conjunction with a 
detailed clinical appraisal of the patient, is likely to 
result in a large proportion of ‘appropriate’ referrals to
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the ophthalmologist and will lessen the likelihood of 
significant ophthalmic pathology being missed.
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CHAPTER 7
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7. THE SCORING SYSTEM: A PROSPECTIVE EVALUATION
7.1 INTRODUCTION
A simple scoring system and chart has been designed for 
the maxillofacial surgeon to determine which patients with 
midfacial injuries warrant referral to an ophthalmologist 
(Chapter 6 ). The sensitivity and specificity of this 
evaluation system approximated to 90% when it was applied 
to the population of 363 patients upon which it was based. 
Clearly, however, this did not provide a reliable reflec­
tion of the sensitivity and specificity for detection in 
further practice, since the system will inevitably be 
"biased" in favour of the original patients upon whom it 
was based.
In order to determine whether this system is applicable 
and effective in the management of patients who sustain 
midfacial fracture, it was essential to carry out a 
further prospective evaluation of the scoring system upon 
a new cohort of patients.
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7.2 PATIENTS AND METHODS
7.2.1 Patients
One hundred patients who sustained midfacial trauma 
leading to fracture were assessed. Patients with isolated 
nasal, mandibular or skull fractures were not included.
7.2.2 Methods
Patients who attended the maxillofacial unit at 
Canniesburn Hospital for the first time between December 
1989 and August 1990, with radiologically proven midfacial 
fractures, were assessed at the time of initial presenta­
tion according to a written protocol. Each patient was 
examined by the attendant maxillofacial surgeon and was 
accorded a score from which the patients were categorised 
as requiring non-referral, routine referral or early 
referral. In addition, the reason for referral, as 
elicited by the maxillofacial surgeon, was appended to the 
score sheet (Chapter 6 ).
All patients were then evaluated by the ophthalmologist 
according to the same protocol used for the original study 
(Chapter 3). In brief, this comprised an assessment of 
visual function, including the visual acuity as tested on 
the standard or the reduced Snellen's chart, a detailed
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evaluation of ocular motility including the use of Hess 
charts, pupillary dilatation and examination of the 
anterior and posterior segments of both eyes. Data 
accruing from that examination were then coded according 
to the score sheet appended.
The criteria as to what ophthalmic conditions warrant 
referral to an ophthalmologist and for what reasons have 
already been described (Chapter 3).
It was essential to ensure that reduced visual acuity, 
when it occurred, was a sequel to the midfacial trauma 
sustained and not to a previous ophthalmic disorder such 
as amblyopia, uncorrected errors of refraction, non- 
traumatic cataract or previous trauma affecting the eye 
or the visual pathway. Similarly, amnesia scored positive­
ly only when it included both retrograde and post- 
traumatic loss of memory.
7.3 RESULTS
A total of 100 patients with radiological evidence of 
midfacial fracture was assessed for the purpose of 
evaluating the validity of the scoring system. Of these, 
17 patients were correctly identified by the system as 
warranting referral to the ophthalmologist (true positive) 
and another 73 as unlikely to warrant such referral (true
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negative). Nine patients were incorrectly identified as 
requiring referral (false positive) whilst only one 
patient was incorrectly classified as not justifying 
referral (false negative). The tests for validity for 
these scores are as follows:
Sensitivity value = 94.4%
Specificity value = 89.0%
Predictive value of a positive test = 65.4%
Predictive value of a negative test = 98.6%
7.4 DISCUSSION
A screening test should provide a good preliminary indi­
cation of which individuals actually have the disease and 
which do not (Mausner & Bahn, 1974). This is referred to 
as the validity of the test. Validity has two components: 
sensitivity and specificity. Sensitivity is the ability to 
identify correctly those who have the disease. Specificity 
is the ability to identify correctly those who do not have 
the disease.
An ideal screening test would be 100 percent sensitive and 
100 percent specific. In practice this does not occur; 
sensitivity and specificity are usually inversely related. 
Naturally, we want a sensitive test, one which will 
identify a high proportion of those individuals who
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actually have the disease in question. The results of 
this pilot study clearly demonstrate the high sensitivity 
of the scoring system. This confirms the prediction that 
the application of the scoring system is likely to result 
in a large proportion of "appropriate" referrals to the 
ophthalmologist, thereby lessening the likelihood of 
significant ophthalmic pathology being missed.
Only one patient in the whole series was incorrectly 
identified as not warranting referral (false negative). 
However, his only ocular problem was a 3 mm enophthalmos 
which was unlikely to have led to visual complications and 
would have been dealt with by the maxillofacial surgeon in 
any case.
With a specificity value of less than 100%, inevitably, 
some "inappropriate" referrals are bound to occur. In this 
study, 9 patients with healthy eyes scored 5-10 on the 
scoring system and, therefore, were incorrectly categoris­
ed as warranting routine referral to the ophthalmologist. 
Of those, 6  patients scored 6  because they had sustained 
either a blow-out or a comminuted malar fracture (score=3) 
leading to diplopia or other motility disorder (score=3) 
whilst two others scored 1 0  since they had suffered a 
temporary mild reduction of visual acuity (score=4). The 
ninth patient scored 5 because of the combined type of 
amnesia he had sustained. However, because of the small
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size of this category of patients ( 1  patient per month in 
this series) and the fact that their scores on the system 
placed them on the routine rather than the early list of 
referrals, this improper referral was unlikely to have 
disturbed or overloaded the routine work at the local eye 
clinic at all. Moreover, it is preferable to make a few 
unnecessary referrals than to miss potentially sight 
threatening pathology,
7.5 CONCLUSIONS
In conclusion, the scoring system which has been devised 
and tested appears to be efficient enough for routine use. 
It is hoped that maxillofacial surgeons will find it 
helpful in the assessment of their patients' needs, 
especially when an ophthalmologist is not immediately 
available.
The principal predictor of an adverse ophthalmic prognosis 
is impaired visual acuity. This study re-affirms the tenet 
that the assessment of acuity, or alternative tests of 
central visual function should be performed in all 
patients sustaining midfacial fracture. Failure to do so 
could be deemed negligent.
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8. CONVERGENCE INSUFFICIENCY AND FAILURE OF ACCOMMODATION 
FOLLOWING MIDFACIAL TRAUMA
8.1 INTRODUCTION
Defects of convergence and accommodation are common 
sequels of head injuries, the two functions failing usual­
ly to a commensurate degree although either may occasion­
ally be separately deficient (Duke-Elder, 1972). Sometimes 
a lesion in the brain stem or 3rd nerve is causal, very 
occasionally in the supranuclear mechanism, while in other 
cases the disability is functional (Duke-Elder, 1972).
Jampolsky (1971) reported that convergence insufficiency 
was often the result of poor accommodation whilst Raskind 
(1976) noted that it might have been secondary to head 
trauma. Head trauma has also been found to result in weak­
ness of accommodation or accommodative insufficiency in 
the post-traumatic period (Matsuzaki, 1964). Cooper and 
Duckman (1978) considered trauma a rare cause of con­
vergence insufficiency while Davis (1956) and Krohel et al 
(1986) thought it was more frequent. Paralysis of 
accommodation and convergence have also been described 
following cerebral concussion (Doden & Bunge, 1965; 
Franceschetti & Klinger, 1943).
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The anatomical localisation of convergence insufficiency 
secondary to head trauma remains uncertain, although 
lesions in the occipital lobe and upper midbrain seem 
capable of producing this syndrome (Krohel et al, 1986). 
No matter what the cause of the defect is, the result 
causes considerable discomfort, and is therefore of 
clinical significance (von Noorden, 1985).
Sometimes spontaneous resolution occurs (Cross, 1945). 
Occasionally, however, patients are encountered whose 
fusional amplitude and near point of convergence cannot be 
improved in spite of prolonged and intensive therapy (von 
Noorden et al, 1973). In uncomplicated cases the prognosis 
is good, but unfortunately in many cases the changes in 
psychology and personality following head injuries of any 
severity may be profound and lasting (Paterson, 1944 & 
1942).
8.2 AIMS OF STUDY
Impaired accommodation and convergence is a recognised 
complication of head injury and was seen in a number of 
patients in Canniesburn hospital prior to the commencement 
of this trial. As the main study proceeded, it became 
clear that the incidence of these defects was higher than 
previously expected. It was, therefore, deemed appropriate
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to perform a separate prospective study aimed at investi­
gating these problems.
The aims of the present study are as follows:
1. To prospectively examine convergence and accommo­
dation in a group of patients sustaining midfacial 
fracture in order to determine the incidence of 
such disorders,
2. To determine the aetiology and type of injury 
which predispose to impairment in these functions.
8.3 PATIENTS AND METHODS
Fifty-two patients who had sustained frontal and/or mid­
facial fracture and were treated at the Oral and Maxillo­
facial Unit at Canniesburn Hospital over a period of six 
months were admitted to this study. All patients were sub­
jected to full ophthalmic examination. The criteria for 
timing of this ophthalmological assessment were along the 
same lines adopted in the main study.
In addition to full ophthalmic examination, evaluation 
included routine work-up for muscle imbalance, including 
visual acuity determination, cover and prism cover tests, 
and measurement of the near points of convergence and
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accommodation on a standard R A F  near point rule. Accom­
modation was checked binocularly and then monocularly with 
the patient wearing his correction for distance when 
applicable. Prism fusion range was also measured. 
Factors which could have affected accommodation and/or 
convergence other than those related to facial injury such 
as refractive errors, poor visual acuity, drugs, previous 
squint or other ocular operations, ill health and 
debility, were eliminated by careful history taking and 
examination.
The data accruing from each consultation was documented on 
a separate "data collection sheet" and stored in alpha­
betical order of surname for future analysis. Patients who 
had been found to have normal near points of accommodation 
and convergence on their first visit were not reassessed 
in that particular area, and only those individuals with 
significant reduction were reviewed regularly on each 
subsequent visit at appropriate periods and had their 
responses assessed.
Published normal values relate to very large cohorts and 
are, therefore, better than what can be assembled from a 
smaller group of control subjects. Hence, normal values 
for accommodation appropriate to age were adopted from 
Duane1s study (1922) in which he examined 4200 normal 
volunteers. Table 8.1 describes accommodation in terms of
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distance and dioptric power. To my knowledge, there is no 
recognised classification for the severity of convergence 
insufficiency. Following consultation with fellow ophth­
almologists and orthoptists, the severity of convergence 
insufficiency was classified into mild, moderate, severe, 
and absolute failure as defined in Table 8.2.
ACCOMMODATION 
Age Minimum Mean Maximum
(Years) D (cm) D (cm) D (cm)
1 0 1 1 . 1 (09.0) 13.4 (07.5) 15.7 (06.4)
15 1 0 . 1 (09.9) 12.3 (08.1) 14.5 (06.9)
2 0 08.9 (1 1 .2 ) 1 1 . 1 (09.0) 13.4 (07.5)
25 07.8 (1 2 .8 ) 09.9 (1 0 .1 ) 1 2 . 2 (08.2)
30 06.5 (15.4) 08.7 (11.5) 1 0 . 8 (09.3)
35 05.2 (19.2) 07.3 (13.7) 09.3 (1 0 .8 )
40 03.4 (29.4) 05.8 (17.2) 07.9 (12.7)
45 01.9 (52.6) 03.6 (27.3) 05.9 (17.0)
50 0 1 . 0 (1 0 0 ) 01.9 (52.6) 03.2 (31.3)
55 0 . 8 (125) 01.3 (76.9) 01.9 (52.6)
60 0.7 (143) 0 1 . 2 (83.3) 01.7 (58.8)
65 0 . 6 (167) 0 1 . 1 (90.9) 0 1 . 6 (62.5)
72 0 1 . 0 (1 0 0 )
D: Dioptre, cm: centimetre
Table 8.1 Normal accomodation values (Reproduced from Duane, 1922).
Near Point of Severity of
Convergence Insufficiency
6 - 7 cm Normal
8 - 1 2  cm Mild failure
13-24 cm Moderate failure
25-30 cm Severe failure
More than 30 cm Absolute failure
Table 8.2 Grades of convergence insufficiency (produced following 
consultations with fellow ophthalmologists and orthoptists).
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8.4 RESULTS
8.4.1 General Results
Fifty two patients with midfacial fracture and associated 
head injury were included in this study irrespective of 
whether or not they had complained of any untoward visual 
symptoms. Of those, 11 patients were found to have con­
vergence and/or accommodative disturbances. The findings 
in this group of patients are summarised in Table 8.3.
The population of study included 35 males (67.3%) and 17 
females (32.7%). Their ages ranged from 5 to 72 years with 
a mean age value of 31.4 years. The right side of the 
face was injured in 28 patients (53.8%) while the left was 
affected in another 21 patients (40.4%). Only one patient 
had sustained a bilateral fracture while another two had 
suffered of a nasal fracture.
The most common cause of facial trauma was alleged assault 
which affected 37 patients (71%) followed by simple falls 
which involved another 8  patients (15.4%). Five patients 
sustained their injuries following road traffic accidents 
(9.6%) while one patient suffered of a sporting accident 
and another of an industrial accident(1.9% each).
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Types of fracture were variable. Pure blow-out fractures 
(Type V) and tripod fractures with an intact F-Z suture 
(Type III) were the most common fractures encountered and 
had affected 12 patients each. The second most common 
fractures were comminuted malar fractures (Type VII) and 
tripod fractures with distracted F-Z sutures (Type IV) 
which affected 8 patients each. Less common fractures were 
type I (n=7), type VI (n=2), and nasal fractures (n=2).
Twenty patients complained of diplopia at near, seven 
complained of blurred vision and reading difficulties, one 
had headaches while 24 patients were symptomless•
8.4.2 Patients with Accommodation/Convergence Disturbances
Of 52 patients in this study, 11 suffered of accommodation 
and/or convergence disturbances. They included 6 males 
(17% of the male population) and 5 females (29% of the 
female population). Their ages ranged from 13 to 72 years 
with a mean age value of 30.2 years. The right eye/side 
of face was involved in 3 patients and the left in 5 
patients. One patient had a bilateral fracture and another 
two sustained nasal fractures.
Nine of these 11 patients sustained their injuries due to 
alleged assaults (24.3% of all assaulted patients) while 
another two had their injuries following simple falls (25%
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of all fall victims). Road traffic accidents, industrial, 
and sporting accidents did not yield any accommodative or 
convergence disturbances in this group of patients.
The fractures sustained included a tripod fracture with an 
intact F-Z suture in 3 patients (25% of all fractures of 
this type), a tripod fracture with a distracted F-Z suture 
in 2 patients (again 25% of all similar fractures), and a 
pure blow-out fractures in another 3 patients (25% of all 
type V fractures). Only one patient had sustained a 
comminuted fracture (12.5% of all type VII fractures), and 
another 2, nasal fractures.
Five patients complained of diplopia at near (5/11=45.5%) 
and another 4 of blurred vision and/or difficulty with 
reading (4/11=36.4%). The remaining 2 patients did not
complain of any symptoms. All patients who complained of 
diplopia had sustained either a pure (Type V; n=4) or 
impure (Type VII; n=l) blow-out fracture of the orbit. 
Diplopia was more common among assault victims (n=4) than 
among simple fall victims (n=l). Similarly, the incidence 
of difficulty with reading and/or blurred vision was 
higher among the assaulted group (n=3) than among those
who sustained a simple fall (n=l).
Four patients suffered of a reduced accommodation, reduced
near point of convergence (NPC) and reduced prism fusion
205
range. Four patients had normal accommodation and NPC but 
reduced prism fusion range. Three patients had normal 
accommodation but reduced NPC and prism fusion range. All 
patients but one, had reduced prism fusion range. All 
patients with normal NPC (n=4) had normal accommodation as 
well. Table 8.4 lists the convergence and accommodation 
values for each patient while Table 8.5 describes the 
interpretation of these measurements.
All patients, except those with isolated nasal fractures, 
were operated on for correction of their midfacial 
fractures within 2 weeks of injury. They all had pre- and 
postoperative ophthalmological assessments and were found 
to have maintained their accommodative and/or convergence 
disturbances in the immediate postoperative period.
The follow-up period was up to 6 months for each patient 
either from the date of operation for those who underwent 
surgery or the date of first ophthalmological examination 
for those who did not undergo surgery. Six patients (No 
1, 2, 6, 7, 8 & 11) were randomly selected to receive
orthoptic exercises/treatment while the other five were 
only monitored for signs of spontaneous recovery.
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Accommodation Fusion Range
Patient RE LE BE NPC l/3m 6m
(Age Sc Sex) (Centimetre) cm (Prism Dioptre)
NO 1 (32, M) 11 11 10 7 14 10
No 2 (13, M) 7 7 7 6 30 15
No 3 (72, F) * * * 10 20 10
No 4 (27, F) 10 9 8 6 20 10
No 5 (48, F) 25 26 24 6 40 8
No 6 (17, F) 13 10 10 8 18 14
No 7 (47, M) 31 32 30 10 40 20
No 8 (30, F) 29 30 29 28 14 10
No 9 (20, M) 20 14 20 26 25 16
No 10 (33, M) 9 8 8 8 20 8
No 11 (32, M) 17 16 16 11 20 10
* Minimal accommodation.
Table 8 .4 Accommodation and convergence values for each
patient.
Patient Accommodation NPC Fusion Range
No 1 Normal Normal Reduced for 1/3 Sc 6m
No 2 Normal Normal Reduced for 1/3 Sc 6m
No 3 Normal Reduced (M) Reduced for 1/3 Sc 6m
No 4 Normal Normal Reduced for 1/3 Sc 6m
NO 5 Normal Normal Reduced for 6m only
No 6 Reduced Reduced (M) Reduced for 1/3 Sc 6m
No 7 Normal Reduced Normal
No 8 Reduced Reduced (s) Reduced for 1/3 Sc 6m
No 9 Reduced Reduced (S) Reduced for 1/3 Sc 6m
No 10 Normal Reduced (M) Reduced for 1/3 Sc 6m
No 11 Reduced Reduced Reduced for 1/3 Sc 6m
(M) Mild 
(S) Severe
Table 8.5 Clinical interpretation of the valued results in 
in Table 8.4.
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Of those who received orthoptic treatment, 5 patients re­
covered to within the normal range of convergence/accommo­
dation values (5/6=83%) while the sixth (No 11) did not, 
although he showed some improvement. Among the 5 patients 
who did not receive orthoptic treatment (No 3, 4, 5, 9 & 
10), four recovered from their disturbances (4/5=80%) 
while the fifth patient (No 9) did not though, again, he 
did show signs of a limited recovery. The difference in 
the incidence of recovery between orthoptically treated 
and untreated patients is not statistically significant.
The duration of recovery for those patients who received 
orthoptic exercises/treatment ranged from 1 to 6 months 
with a mean value of 3.6 months. In contrast, the mean 
duration of recovery for those individuals who did not 
receive orthoptic treatment was 2.2 months. The difference 
was not statistically significant.
8.5 DISCUSSION
As expected, the composition of the population of this 
study (n=52) is comparable to that of the main study 
(n=363) with regard to age and sex distribution, and in 
respect to the cause of injury and type of facial fracture 
sustained.
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It appears that convergence and accommodative disturbances 
are commoner among the young-age group especially females. 
This, however, may only be a reflection of the composition 
of the population of midfacial trauma patients which tends 
to be young with the females sustaining a higher incidence 
of visual complications than males and as such, is in line 
with the findings in the main study.
Weakness of convergence and accommodation is very common 
following head injury. Most cases show commensurate defect 
of the two functions, as would be expected from their 
synergic relationship. Occasionally, either may be 
deficient separately (Cross, 1945). In this study, 21% of 
patients (11/52) developed convergence and/or 
accommodative defects which included 4 patients with full 
set of combination of defects while the rest of patients 
(n=7) exhibited either another combination (n=l) or 
simply an individual defect.
Twenty-four percent of all allegedly assaulted patients, 
and 25% of fall victims suffered with convergence and/or 
accommodative failure. No other cause of injury contrib­
uted to such defects. The difference in the incidence of 
convergence/accommodation disturbances between the two 
causes is statistically insignificant. It does not appear 
that there is any significant correlation between the
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cause of injury sustained and the occurrence of these 
visual defects.
Similarly, it does not appear that the type of midfacial 
fracture sustained had any bearing on the incidence of 
failure of accommodation or convergence. Twenty-five per­
cent of patients with each of type III, IV, and V have 
developed such defects. It is important to note, however, 
that these fractures are among the most serious zygo- 
matico-orbital fractures and require a great force of 
impact to take place. The occurrence of convergence and 
accommodation defects may, therefore, be related to the 
severity and force of impact and the associated closed 
head trauma rather than to the actual fracture itself. 
However, the severity of the visual defect itself does not 
necessarily correlate positively with the severity of the 
head trauma (Krohel et al, 1986). It is also interesting 
to note that both patients with nasal fractures suffered 
from convergence and accommodation impairment. Bearing 
in mind that these fractures were simple enough as not to 
require surgical treatment, one can only assume that the 
visual defects may have either been related to the 
associated head trauma and its presumed antero-posterior 
vector or, less likely, to local bruises/haematoma of the 
soft tissue affecting the functions of the medial recti. 
Extraocular muscle imbalance is a common sequel to head 
injury (Cross, 1945) which is also a recognised cause of
convergence and/or accommodative failure (Krohel et al, 
1986; Andree & Klein, 1983; Neely, 1945).
Simultaneous failure of convergence and accommodation in a 
patient is common (Cross, 1945) and has taken place in 4 
patients while the rest of patients had either function 
impaired separately. Some patients complained of diplopia 
for near and/or difficulty with reading or blurred vision 
in spite of their normal NPC and accommodation values 
(n=4). The common feature in most of them, however, was a 
reduced fusion range which affected 10 of our 11 patients. 
It appears that the prism fusion range is a more reliable 
index than the NPC in the diagnosis of convergence insuf­
ficiency. This opinion had also been expressed by Krohel 
and associates (1986) and Brinkley and Walonker (1983) who 
noted that some of their patients had symptoms of conver­
gence insufficiency with a normal NPC but reduced fusional 
reserves•
Spontaneous recovery of accommodation and convergence 
following head trauma is well recognised in the literature 
although, some authors believed that the process can be 
hastened by orthoptic exercises (Duke-Elder, 1972; 
Candler, 1945). In this study, 9 of 11 patients (82%) 
recovered from their accommodation/convergence failure 
within 6 months of injury or facial bone surgery. Of 6 
patients who received orthoptic exercises, 5 recovered
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(83%) while 4 of 5 other patients (80%) achieved spontan­
eous recovery. The difference in the recovery rate between 
the two groups is not statistically significant.
The mean time for recovery was 3.6 months for the treated 
group and 2.2 months for the spontaneous recovery group. 
In spite of the apparent difference in the recovery time 
between the two groups, this difference is not statistic­
ally significant. This, however, may be due to the small 
number of patients in these groups.
8.6 CONCLUSIONS
In conclusion, it appears that the incidence of accommo­
dation and/or convergence failure following midfacial 
trauma is not significantly related to the cause nor to 
the type of fracture sustained. It may, however, be 
related to the severity of impact and the associated 
closed head trauma.
Recovery of function does not appear to be more favourable 
following a course of orthoptic exercises than without. 
Consequently, recovery of convergence and/or accommodative 
functions seems to be spontaneous and is not hastened with 
exercises.
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Prism fusional range emerged as a more reliable tool for 
diagnosis of convergence insufficiency than measurement of 
the near point of convergence.
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CHAPTER 9 
MIDFACIAL TRAUMA AND THE EYE: 
PROSPECTIVE VERSUS RETROSPECTIVE ANALYSIS
214
9. MIDFACIAL TRAUMA AND THE EYE: PROSPECTIVE VERSUS RETRO­
SPECTIVE ANALYSIS
9.1 INTRODUCTION
Direct injury to the eyeball is relatively rare compared 
to the frequency of orbital trauma, but the sensitivity of 
the eye as a visual receptor may make such injuries
especially disabling to the patient. When an injury to 
the eye occurs in association with an orbital fracture, 
its detection becomes doubly important as treatment may, 
sometimes, have to be instituted at once, and the presence 
of ocular injury documented prior to treatment of the 
fracture.
Ocular trauma itself has been abundantly described in the 
literature (Paton & Emery, 1973). However, there have been 
only sporadic reports of individual cases of eye injury in 
patients with facial fractures (Edmund & Godtfredsen,
1963; Gordon & Macrea, 1950).
The present study was designed to allow both ophthalmo­
logists and maxillofacial surgeons to examine all patients 
with midfacial fractures prospectively during a 2 -year 
period. For comparison, a retrospective study of all 
patients treated for zygomatico-maxillary fractures in the 
preceding 2 years was performed. The purposes of the study
215
were to determine the nature and incidence of ocular 
injury in patients with midfacial fracture and to compare 
the frequency of detection of ocular and motility 
disorders in both series.
9.2 PATIENTS AND METHODS
A list of 555 patients with midfacial fractures due to 
blunt trauma, who had attended the Oral and Maxillofacial 
Unit during the two years immediately preceding the begin­
ning of this study, has been drawn from the computer data­
base (Appendix 4) at Canniesburn Hospital. The majority of 
patients in this group had been managed by the maxillo­
facial surgeon only. Ophthalmic consultation and formal 
pre-operative ophthalmic assessment was carried out only 
in 34 cases of midfacial fracture (6 %).
9.3 RESULTS
The study included 555 patients who had sustained a total 
of 530 malar or orbital fractures and 60 maxillary 
fractures. Of these maxillary fractures, 25 were in 
isolation and 35 in association with malar fractures. In 
the majority of cases malar or orbital fractures were 
unilateral. Only 14 patients suffered from bilateral 
fracture•
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9.3.1 Age and Sex Distribution
The population of study included 453 males (81.6%) and 102 
females (18.4%). The age and sex distribution (Fig 9.1) 
shows the highest incidents (n=201 or 36%) to be among the 
20 to 29 year age group of patients tapering steadily on 
both sides of the curve.
9.3.2 Cause of Midfacial Trauma
The major cause of midfacial trauma was alleged assault, 
which accounted for 62.3% of all patient (346/555). The 
second most common cause was falls (15.5% or 8 6  patients) 
followed by road traffic accidents and sporting accidents 
(Fig 9.2). No distinction was made between individuals 
who sustained their trauma while under the influence of 
alcohol and those who were not.
9.3.3 Types of Midfacial Fracture
The most common malar fracture sustained was a tripod
fracture with an intact F-Z suture (Type III) which
accounted for 37% of patients (192) followed by un­
displaced fractures (Type I) and tripod fractures with a 
distracted F-Z suture (Type IV) which accounted for 24%
and 18% of patients respectively (Fig 9.3).
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The orbit was fractured in 116 cases (21%), 54 were of the 
right and 62 the left orbit. No patient presented with a 
bilateral orbital fracture. Fifty four of these orbits, 
30 right and 24 left, required surgical exploration for 
diagnosis and/or management.
9.3.4 Amnesia
Sixty patients (10.8%) suffered from post-traumatic, 
retrograde, or both types of amnesia. No details of which 
type of amnesia sustained are available from this data 
base.
9.3.5 Enophthalmos
Enophthalmos was a feature in 20 patients following 
midfacial trauma (3.6%). The number was equally shared 
between the right and left sides.
9.3.6 Diplopia
Seventy patients (12.6%) complained of diplopia following 
their facial trauma. However, clinical examination 
revealed abnormal eye movements in only 35 of them (6.3%). 
No details are available on the nature of this abnormality 
of eye movement nor of the direction and extent of double 
vision. Only 3 of these 70 patients (4.3%) continued to
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suffer with diplopia by the time they were discharged from 
the follow-up clinic. However, it is not clear how long 
it normally took before a patient was deemed to have had a 
persistent diplopia.
9.3.7 Ocular Injuries
Injury to the Conjunctiva
Subconjunctival ecchymosis, swelling or haemorrhage was 
the most frequently detected eye injury which affected 275 
patients (49.5%). It involved the right eye in 101 
patients and the left eye in another 159 patients. Fifteen 
patients sustained a bilateral conjunctival injury.
Pupil Reactions
Pupils were tested for reaction to light and found to be 
either slow or non reactive in 2 % of all patients (n=1 2 ). 
However, no comment was made on the shape or reaction to 
accommodation of these pupils nor about any future signs 
of recovery if any.
Other Ocular Injuries
Unspecified injuries to the globe were reported in 3 cases 
only accounting to 0.5% of all patients.
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No other ocular or motility disorders were described.
Table 9.1 illustrates the prospective/retrospective 
relationship with regard to the ophthalmic complications 
identified in the retrospective series.
9.4 DISCUSSION
9.4.1 Previous Studies
The treatment of facial fractures has been well described 
in the surgical literature (Paton & Emery, 1973), as has 
the management of ocular injuries (Paton & Emery, 1973; 
Milauskas & Fueger, 1966). The simultaneous occurrence of 
these two entities has rarely been approached in a 
systematic fashion. There are reports of isolated cases 
of blindness (McCoy, 1958), optic nerve atrophy (Edmund & 
Godtfredsen, 1963), and other ocular injuries (Holt & 
Holt, 1983) resulting in reduced vision following orbital 
fractures. McCoy and associates (1962), plastic surgeons, 
retrospectively reviewed 855 patients with facial 
fractures, including 337 fractures involving the middle 
third of the face. They noted only 4 patients (0.5%) with 
ocular injuries leading to blindness in 3 cases and 
traumatic mydriasis in the fourth case. Similarly, Luce et 
al (1979), Turvey (1977), Morgan et al (1972), Gwyn et al 
(1971), Converse et al (1967), Schultz (1967), all plastic
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Post-traumatic
Retrospective 
Series (n=555)
Prospective 
Series (n=363)
Abnormality
No. % No. %
Amnesia 60 1 0 .8 % 103 28.4%
Enophthalmos 2 0 3.6% 29 8 .0 %
Diplopia 70 1 2 .6 % 72 19.8%
Conjunctival
injuries
275 49.5% 252 69.4%
Pupil reactions 1 2 2 .0 % 9 2.5%
Unspecified 
ocular injuries
3 0.5% - -
Table 9.1 Illustrates the prospective/retrospective 
relationship with regard to the ophthalmic complications 
identified in the retrospective series.
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surgeons, reported incidences of ocular injuries following 
orbital or midfacial trauma which ranged between 2 .7 % 
(Luce et al, 1979) and 16% (Morgan et al, 1972). On the 
other hand, Miller and Tenzel (1967), ophthalmologists, 
described 5 major ocular injuries in a series of 30 
consecutive facial fractures giving a detection rate of 
17%. Milauskas and Fueger (1966) reported a 14% incidence 
of ocular complications in 84 blow-out fractures, again 
reflecting the experience of ophthalmologists. The 
largest series of patients with facial fracture resulting 
in ocular trauma, where an ophthalmologist and a maxillo­
facial surgeon are involved, is that of Holt and Holt 
(1983). They analysed retrospectively the clinical data of 
727 patients who had sustained a blunt maxillofacial 
trauma and found that 67% of them (487 patients) had 
suffered of ocular injuries ranging from temporary (79%) 
to serious (18%) through to blinding injuries (3%).
9.4.2 The Present Study
Cause of Injury
Retrospective examination of data from 555 patients with 
midfacial trauma shows that the majority of patients were 
male (81.6%) between the ages of 20 and 29 years (36%) 
whose main cause of injury was alleged assaults. The 
second most common cause of trauma was simple falls which
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was also the most common cause of injury for females
(n=42). Almost an equal number of females (n=41) was
allegedly assaulted. These findings are in agreement with
those obtained from the prospective study and several 
other comparable studies (Ellis et al, 1985; Altonen et 
al, 1976; Lundin et al, 1973). Of interest is the obvious 
fall in the number of injuries due to car accidents while 
the patient is not restraint with a seat belt from 2.7% 
(15/555) in the retrospective series to only 1.1% (4/363) 
in the prospective series, a fall of nearly 60%. Though 
statistically insignificant, the difference probably 
demonstrates the beneficial effect of the compulsory wear 
of seat belts.
Type of Fracture
The most common malar fractures were Type III (192/555=
37.4%) and Type IV (93/555=18%) respectively. This is in 
accordance with the prospective series and a previous 
study on a similar population of patients (Ellis et al, 
1985).
Enophthalmos
Enophthalmos following midfacial fracture occurred in 3.6% 
of patients (n=2 0 ) and showed no predominance towards 
either side. This figure is significantly lower than the
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8 % from the prospective study (p=0.006). Enophthalmos can 
easily be missed if it is of a minor degree or if the 
lateral orbital wall is fractured with loss of a useful 
reference point or, simply during the early stages of 
trauma where tissue bruises and haematoma may lead to a 
transient exophthalmos rather than enophthalmos.
Amnesia
Amnesia was common following midfacial fracture and had 
affected 10.8% of patients (60/555). However, this figure 
is significantly lower (p<0 0 1 ) than that obtained from the 
prospective series (103/363=28.4%). Since amnesia is a 
transient functional disorder with no obvious physical 
features, it can easily be missed if not positively look 
for as part of a routine examination.
Conjunctival Injury
Conjunctival and subconjunctival injury is easy to detect 
by the ophthalmologist and the non-ophthalmologist alike, 
and had been reported in 275 patients (49.5%) including 15 
where injury was bilateral. While subconjunctival haemor­
rhage is not a serious injury in itself, it may, however, 
conceal a more serious ocular injury such as scleral 
rupture. In fact, the only presenting feature of some
blow-out fractures of the orbit may be a black eye or a
224
subconjunctival haemorrhage (BMJ Editorial, 1975; DeHaven 
& Harle, 1966). It is, therefore, surprising that only 3 
patients with some unspecified "Injury to the Globe" were 
detected, a mere 0.5% of the population of study! The 
incidence of the reported subconjunctival haemorrhage is 
also significantly lower than that in the prospective 
study (69.4%) and other studies on similar populations 
(Ellis, 1985; Holt & Holt, 1983). One can reasonably 
assume that the less severe conjunctival injuries and some 
possible underlying pathology may have been missed or 
ignored.
Pupillary Changes
Two percent of patients presented with abnormal pupillary 
shape or reaction. This figure is in agreement with the 
prospective figure of 2.5%. However, no further descrip­
tion of these pupillary changes has been reported which 
greatly limits the significance of this clinical finding.
Visual Acuity
Of particular importance is the absence of information on 
visual acuity in the database even though visual acuity 
testing is a recognised part of the routine clinical exam­
ination and appears as one of the variables on the comput­
er data collection card. In the prospective study, visual
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acuity emerged as the most important single factor in the 
detection of eye injury. No examination, therefore, is 
complete without testing and recording visual acuity.
Diplopia
Diplopia was common following midfacial fracture in the 
retrospective series and amounted to 1 2 .6 % of patients. 
However, the absence of details on direction of gaze and 
the field and extent of diplopia limit the usefulness of 
this piece of information. The incidence of double vision 
as reported is again significantly lower (p=0043) than 
that in the prospective series. It may indicate that some 
patients have recovered from diplopia by the time they 
have been examined in hospital or simply ignored by the 
patient when it was away from central gaze. Examination 
of ocular movement and active seeking for signs of double 
vision by the examiner are, therefore, important parts of 
any accurate assessment of the midface fracture patient.
9.5 CONCLUSIONS
The retrospective portion of this study is probably an 
accurate reflection of the type of fracture and the cause 
of injury as it exists in this major referral centre and 
is in accordance with other major studies on similar 
populations. Patients with facial fractures frequently
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arrive intoxicated with alcohol, confused, or both. Many 
are unable to give an accurate history, and the facial 
examination is performed while other major injuries are 
being examined and treated simultaneously.
In the prospective portion of the study, a careful ophth- 
almological examination was a routine portion of the pre­
operative evaluation of every patient. As a result, more 
subtle diagnoses were made.
Examination of the data from both series confirms that the 
index of detection of ophthalmological disorder is higher, 
and the examination is more useful, when an ophthalmolo­
gist is involved in the clinical assessment of patients. 
This, inevitably, would be reflected on the quality of 
management and, hopefully, prevent a potentially sight 
threatening ocular injury being missed.
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The characteristics of midfacial fractures and the association with ocular 
injury: a prospective study
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SUM M ARY. Ocular injuries commonly occur in patients with facial fractures. This prospective study was set 
up to determine the incidence of ocular injuries, as assessed by an ophthalmologist, in patients who had 
sustained midfacial fractures. Over a 2-year period, a study of 363 patients who had sustained midfacial trauma 
sufficient to lead to a facial bone fracture (438 fractures) was undertaken and patients received a comprehensive 
examination by an ophthalmologist and an orthoptist within 1 week of injury. The characteristics of the eye 
injuries sustained were related to the aetiology of the fracture, the type of fracture, and the sex and age of each 
patient. Ninety percent of patients sustained ocular injuries of various severities. Sixty three percent of patients 
sustained only minor or transient ocular injuries, 16% suffered moderately severe ocular injury and 12% 
experienced severe eye injuries. Road traffic accident was associated with the highest incidence of severe ocular 
disorder (9/45=20%) whilst assaults had the second highest incidence at 11% (20/181). One third of all patients 
with comminuted malar fracture suffered a severe ocular disorder (9/27) whilst blow-out fracture came second 
at 16*7% (6/36). Fifty six patients (15*4%) had a decrease in their visual acuity and 9 patients (2*5%) had 
significant traumatic optic neuropathy.
Decrease in visual acuity was the main clinical finding accompanying the majority of significant eye injuries. 
When ocular injuries were related to aetiology, it was apparent that road traffic accidents and assaults 
associated with alcohol abuse showed the highest incidence of major ocular dysfunction. It is suggested that all 
patients sustaining midfacial fracture associated with a significant decrease in visual acuity either pre- or 
postoperatively should have an earlv ophthalmological review. 1i
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Facial fractures are frequently complicated by 
injury to the eye and its adnexae (Petro et al., 1979; 
Steidler et al., 1980; Beirne et al., 1981; Culbertson, 
1983; Holt et al., 1983; Holt & Holt, 1983). These 
injuries may result in loss of vision in one or both 
eyes (Gordon & Macrae, 1950; Gwyn et al., 1971; 
Ketchum et al., 1976; Steidler etal., 1980; Anderson 
et al., 1982; Babajews & Williams, 1986) or may 
compromise ocular function (Holt & Holt, 1983). 
When these injuries are severe, they may be 
detected with ease by any medical or maxillofacial 
practitioner but many injuries appear minimal and 
may be missed by the non-ophthalmologist (Binder, 
1978; Records, 1979; Holt et al., 1983). Ocular 
injury may result in preventable severe dysfunction 
of the visual apparatus, if not detected shortly after 
injury. In one published study by Jabaley et al. 
(1975), the difference in the rate of detection of such 
ocular injury between a prospective evaluation, 
where an opthalmologist was involved, and a retro­
spective evaluation, where only selective referral 
was made by the plastic surgeon, was 18% (29% and 
11% respectively).
Ideally, all patients with a facial or craniofacial 
fracture should be reviewed by an ophthalmologist 
(Miller & Tenzel, 1967; Gwyn et a l,  1971; Holt et
al., 1983). Defects in the field of vision, ocular 
structure and ocular motility may be permanent 
(Barclay, 1958; Jabaley et a l, 1975; Turvey, 1977; 
Steidler et a l,  1980). It is important to define such 
functional defects in order to treat any preventable 
ocular dysfunction such as retinal detachment, tears 
or holes, or angle recession glaucoma (Jabeley e ta l, 
1975; Holt et al., 1983) and to advise the patient 
appropriately. The results of ophthalmic examination 
may lend weight to medico-legal claims. Estimates 
of the incidence of ocular disorder following mid­
facial fracture vary considerably, being between 
2*7% (Luce e ta l ,  1979) and 67% (H olte ta l,  1983). 
These estimates depend on referral practice, which 
specialty carried out the evaluation, and whether 
minor injuries were included in addition to major 
ones. The results also depend on whether the study 
was prospective (Miller & Tenzel, 1967; Jabaley et 
a l,  1975) or retrospective (Gwyn et a l, 1971; 
Morgan et a l, 1972; Jabaley et a l, 1975; Turvey, 
1977; Luce et al., 1979; Steidler et a l, 1980; Holt & 
Holt, 1983). Most studies which have been carried 
out have been retrospective and the details concern­
ing the techniques of ophthalmic examination 
employed have not been described. Prospective 
studies have included only small numbers of patients 
(Miller & Tenzel, 1967).
This prospective study was set up to determine the
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incidence and types of ocular and motility disorders, 
as assessed by the opthalmologist, in patients who 
had sustained midfacial fractures and who were 
under the care of a maxillofacial surgeon.
PATIENTS AND METHODS
The Oral and Maxillofacial Unit at Canniesburn 
Hospital, Glasgow, Scotland is a regional centre. It 
undertakes the. care and treatment of maxillofacial 
patients for about one third of the West of Scotland, 
which has a total population of three and a half 
million people. Patients who had sustained midfacial 
or frontal bone trauma and who were treated at 
Canniesburn Hospital between 1 April 1985 and 31 
March 1987, were admitted to this study. All 
patients with persistent pathology were followed up 
for at least 1 year. Canniesburn surgeons are also 
involved in the treatment of craniofacial fractures in 
the regional neurosurgical unit at the Southern 
General Hospital, but these patients (42 per annum 
on average) were included in the study only if they 
had been transferred to or followed up in Cannies­
burn Hospital. Patients with simple nasal or mandi­
bular fractures were not included in the study.
Every effort was made to ensure the referral to the 
eye clinic of all patients of the above description 
irrespective of whether or not they had presented 
with manifest eye injuries. Patients who had sustained 
major trauma were evaluated ophthalmologically 
within 48 h following injury, and those in whom 
there was no manifest ocular disorder (as judged by 
the attending maxillofacial surgeon) were evaluated 
at the ensuing weekly opthalmic clinic. A full history 
of the incident including time, cause, related factors 
(such as influence of alcohol and the use of seat 
belts) and whether there was any trauma, was taken. 
The influence of alcohol was assessed by virtue of 
the amount of alcohol consumed as indicated by the 
patient (more than 2 units during the hour preceding 
the incident) or the patient’s clinical status on first 
examination. A detailed past ophthalmic history 
such as errors of refraction, squint, amblyopia, eye 
surgery and previous eye injuries was obtained. The 
occurrence of amnesia, its type and duration was 
recorded (Teasdale & Jennett, 1974; Jennett & 
Teasdale, 1981). Subjective symptoms of diplopia 
and their duration, as well as pain on eye movements, 
were noted.
Facial fractures were classified by clinical and 
radiological examination into three groups: malar 
fractures according to Henderson (1973, unpublished) 
(Table 1); maxillary fractures as described by Le 
Fort (1900); and nasal, naso-orbito-ethmoidal 
(NOE) and frontal sinus fractures (Converse & 
Smith, 1963; Stranc, 1970). Computerised tomo­
graphic (CT) scanning was performed on all patients 
with clinical evidence of a blow-out fracture of the 
orbit but with negative plain radiographs, except in 
those few in which exploration (of the orbit was 
deemed necessary. 1
A detailed assessment of eye structure and
Table 1 -  Henderson’s classification of malar fractures
Type Description of fracture
I Undisplaced fracture, any site
II Zygomatic arch fracture only
III Tripod fracture with undistracted fronto-zygomatic
suture
IV Tripod fracture with distracted fronto-zygomatic
suture
V Pure blow-out fracture of the orbit
VI Fracture of the orbital rim only
VII Comminuted fracture or other than the above
function was carried out by an ophthalmologist and 
an orthoptist in all cases at each visit. All data 
accruing from each opthalmic consultation was 
divided into three categories:
1. General: All routine information.
2. Eye abnormality:' All ocular injuries sustained 
and their functional consequences, complications, 
treatment and recovery.
3. Motility disorder: Examination of ocular motility 
comprised assessment of movement in all directions 
of gaze and the elicitation of diplopia. All motility 
abnormalities were quantified by means of the prism 
cover test, the synoptophore, the field of binocular 
single vision and/or the Hess chart as appropriate for 
the type of motility disorder detected.
Enophthalmos was assessed using the Keeler frame 
in those patients in whom the orbital margin was 
intact. Examination from above with careful 
delineation of the positions of the globe with respect 
to the supra-orbital margin were carried out in all 
other patients.
Table 3 provides a detailed classification of 
ophthalmic disorders according to their severity. All 
data were coded and stored in the mainframe 
university computer for future analysis. Each patient 
was discharged when ocular pathology became 
quiescent and of no further risk to the patient.
RESULTS 
Types of injury
The study included 363 patients with confirmed 
midface fractures who presented during a 2-year 
period. They had sustained a total of 438 midfacial 
fractures. The majority of fractures involved the 
malar bone either in isolation (280) or in combination 
with other midface fractures (61). Isolated fractures 
of the Le Fort type had been sustained by only 6 
patients, while 29 others sustained Le Fort fractures 
in combination with various other midfacial fractures. 
Ten patients suffered an isolated NOE fracture 
while 3 others sustained a frontal bone fracture. 
Altogether, 64 of the 363 patients sustained fractures 
of two or more facial bones.
Patients having midfacial fractures ranged in age 
from an 8-year-old boy who suffered a blow-out 
fracture when he hit a broken door handle with his
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■  Male
Fig. 1-Age and sex distribution of the population of the study.
closed left eye, to an 84-year-old woman who 
sustained a tripod malar fracture (Type III), in a fall. 
Males accounted for 81-3% (n=295) of all midfacial 
fracture patients, and females, 18-7% (n=68). The 
majority of patients were males between the ages of 
10 and 50 years with the peak incidence occurring in 
the 20 to 30 year age group for both sexes (Fig. 1). 
In women, midfacial fractures were more prevalent 
in older age groups (60-80 years) than they were in 
men. The monthly distribution of incidence of injury 
showed June to be the month in which the greatest 
percentage of midfacial trauma occurred (14-3%), 
followed by March (12-4%), and May and September 
(9-1% each). June was the month in which most of 
the assaults, road traffic accidents (RTA) and 
sporting accidents took place.
The major cause of midfacial trauma in this study 
was alleged assault, which accounted for 49-9% of 
all patients (181/363). Some of these allegedly 
assaulted individuals (n=85) were under the influence 
of alcohol when they sustained their trauma while 
others (n=96) were not. The second most common 
cause was falls (19% or 69 patients), of whom 24 
(6-6%) had been under the influence of alcohol, 
followed by RTA and sporting accidents which 
affected 45 patients (12-4%) each. Figure 2 shows 
the frequency distribution of the causes of midfacial 
fractures in males and females. Alleged assault was 
more common in males (50-9% of 295) than in 
females (45*6% of 68) while falls were more frequent 
in females (33-8%) than in males (15-6%). RTA 
were also a more common cause of midfacial trauma
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in females (17-6%) than in males (11*2%). Sporting 
accidents, on the other hand, were more than 10- 
fold more common in men (14-9% of 295) than in 
women (1-5% of 68). RTA were responsible for the 
injuries of 45 (12-4%) of our 363 patients. Within 
this group, 4 patients, all male, were involved in car 
accidents while not wearing seat belts, 16 in car 
accidents while wearing seat belts, 8 while sitting in a 
back seat of a car, 9 in motorcycle-related accidents 
and 8 in motor vehicle-pedestrian or other motor 
vehicle-related accidents. Industrially-related 
accidents leading to midfacial fractures occurred 
only in males (n=13).
Figure 3 shows the distribution of midfacial 
fractures among the population studied. The most 
common anatomical type of malar fracture was the 
tripod zygomatico-orbital fracture with no distraction 
of the fronto-zygomatic (F-Z) suture (Type III) 
which affected 34-2% (n=124) of the patients, 
followd by tripod fractures with separation of the 
F -Z  suture (Type IV) in 25-1% (n=91) of the 
patients. Undisplaced zygomatic fractures (Type I) 
were third in prevalence with 11-6% (n=42). Less 
frequent fractures were isolated blow-out fractures 
(Type V), (9-9%, n=36) and comminuted fractures 
(Type VII) which affected 27 patients (7-4%). 
Twelve patients (3*3%) sustained fractures of the 
zygomatic arch only (Type II), while another 8 
patients (2*2%) suffered orbital rim fracture only 
(Type VI). Table 2 demonstrates the different 
anatomical types of malar fractures in relation to the 
causal factors. In all causal groups except motorcycle
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Fig. 2-The aetiological distribution of midfacial fractures.
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Fig. 3-The site distribution of midfacial fractures. C=combination of fractures.
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Table 2 -  The different types of malar fracture in relation to the causal factors
Number of patients in each category of malar fracture 
Cause of injury I II III IV V VI VII Other # ’s All (%)
Car (no seat belt) 1 0 1 1 0 0 0 1 4(1.1)
Car (seat belt on) 1 0 5 4 1 0 2 3 16(4.4)
Car (back seat) 0 0 2 2 0 0 1 3 8 (2.2)
Motorcycle 0 0 1 3 1 0 1 3 9(2.5)
Other RTA and pedestrians 0 0 2 3 1 0 2 0 8 (2.2)
Alleged assault 10 5 39 18 10 5 6 3 96 (26.5)
Assault under alcohol 17 3 19 26 9 1 6 4 85 (23.4)
Fall 2 1 19 14 6 0 2 1 45 (12.4)
Fall under alcohol 4 0 ' 7 8 1 1 1 2 24 (6.6)
Sporting accidents 5 3 21 8 3 1 4 0 45 (12.4)
Industrial accidents 2 0 3 3 1 0 2 2 13 (3.6)
Blackout 0 0 1 0 0 0 0 0 1 (0.3)
Epilepsy 0 0 1 0 0 0 0 1 2 (0.6)
Other causes 0 0 3 1 3 0 0 0 7(1.9)
All: (no) 42 12 124 91 36 8 27 23 363
(%) 11.6% 3.3% 34.2% 25.1% 9.9% 2.2% 7.4% 6.3% 100%
Other # ’s=fractures other than malar’s.
injuries and motor vehicle-pedestrian related 
accidents, tripod fracture with no distraction of the 
F -Z  suture (Type III) was the most common type of 
zygomatico-orbital fracture. Motorcycle injuries 
and those related to pedestrians resulted in a larger 
percentage of tripod fractures in which the F -Z  
sutures were distracted (Type IV).
Amnesia
Amnesia was common in association with midfacial 
trauma. One hundred and three patients (28-4% of 
363) suffered from amnesia, which was more 
common in males (89/295=30-2%) than in females 
(14/68=20-6%). Twenty two males and 5 females 
suffered retrograde amnesia following their injuries, 
while 51 males and 6 females suffered the post- 
traumatic type of amnesia. Only 19 patients, 16 
males and 3 females, suffered a combination of both 
types of amnesia. Amnesia was often associated with 
comminuted malar fractures (12/27=44-4%) and 
was most common with RTA (34/45=75-6%), parti­
cularly when no seat belt was worn (4/4=100%), and 
least common in association with sporting accidents 
where only one individual was affected.
Ocular injuries
Enophthalmos following midface fracture occurred 
in 8% of the patients (n=29) most of whom were 
male (n=23). The majority of patients were between 
the ages of 10 and 40 (n=24) with the peak incidence 
occurring in the 20- to 30-year age group (n=12). 
Nine of these 29 patients had also suffered an 
associated downward displacement of the globe 
which was not fully corrected by surgery in 1 case 
only. All patients with enophthalmos had sustained 
either a pure (Type V; n=17) or an impure (Type IV 
or VII with floor defect; n=12) blow-out fracture of 
the orbit which was associated with soft tissue 
entrapment in 13 cases while the rest of patients 
(n=16) had significant displacement of the orbital 
contents into the antrum but no functional evidence
of entrapment. Eighteen of these 29 patients (62%) 
suffered infra-orbital nerve anaesthesia or paraes- 
thesia. Enophthalmos was most common with RTA 
(4/45=8-9%) and with assaults (16/181=8-8%) 
followed by simple falls (4/69=5-8%); and least 
common following sporting accidents (1/45=2-2%).
Motility disorder was common in association 
with enophthalmos. Twenty three of 29 patients 
(79-3%) exhibited symptoms and/or signs of ocular 
motility abnormality manifested by some limitation 
of ocular movement in one or more directions of 
gaze. Of these 23 patients, 6 complained of diplopia 
which was close to the midline, and 15 were 
symptomatic only in the extreme gaze. The other 2 
patients had amblyopic (lazy) eyes and therefore did 
not appreciate diplopia.
Ocular injuries were common. Table 3 illustrates 
the incidence of these eye abnormalities, according 
to their severity, in the population o f the study. 
Tables 4 and 5 illustrate the same in relation to the 
type of midfacial fracture sustained, while Table 6 
relates these ocular abnormalities to the cause of 
injury. The right eye was affected in 152 patients 
(152/363=41*9%), of whom 125 were male (125/295= 
42-4%) and 27 were female (27/68=39-7%). The left 
eye was involved in 153 cases (42-2%), 120 males 
(42-1%) and 33 females (48-5%). In 33 patients 
(9-1%), 29 males (9-8%) and 4 females (5-9%) both 
eyes were injured while the rest of the patients, 21 
males and 4 females > sustained no direct ocular 
trauma whatsoever. Figure 4 illustrates the frequency 
distribution of ocular injuries in relation to their 
severity for both . males and females. Only 34 
patients (9-4%) did not exhibit any detectable eye 
injury at all. Most patients (63-4%, n=230) suffered 
only minor or transient ocular injuries such as lid 
bruise, sub-conjunctival haemorrhage and mild 
impairment of accommodation. Fifty seven patients 
(15-7%) suffered moderately severe ocular injuries 
which were unlikely to have led to permanent visual 
or physiological sequelae. Examples include minor 
eyelid and conjunctival lacerations and enoph-
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Table 3 -  Incidence of ophthalmic disorder in the population of study
Male (n=295) Female (n=68) All (n=363)
Eye abnormality no. (%) no. (%) no. (%)
Mild ophthalmic disorders
Coronal eye displacement 24(8.1) 5(7.4) 29 (8.0)
Orbital emphysema 4(1.4) 0 ( - ) 4(1.1)
Eyelid swelling/bruising 198 (67.1) 54 (79.4) 252 (69.4)
Subconjunctival haemorrhage/chemosis 200 (67.8) 52 (76.5) 252 (69.4)
Corneal abrasion O ( - ) 0 ( - ) 0 ( - )
Mild impairment of accommodation 5(1.7) 1(1.5) 6(1.7)
Mild reduction of visual acuity (6/9-6/12) 20(6.8) 9(13.2) 29 (8.0)
Mild commotio retinae 16(5.4) 8(11.8) 24(6.6)
Moderate ophthalmic disorders
Enophthalmos 23 (7.8) 6 (8.8) 29 (8.0)
Eyelid laceration 10(3.4) Q ( - ) 10(2.8)
Conjunctival laceration 0 (—) 0 ( - ) 0 (—)
Traumatic pupillary changes 6(2.0) 3(4.4) 9(2.5)
Iridodialysis 0 ( - ) 0 ( - ) o(-)
Lens damage 1 (0.3) 0(-) 1 (0.3)
Macular oedema 9(3.1) 4(5.9) 13(3.6)
Moderate to severe impairment of accommodation 5(1.7) 1(1.5) 6(1.7)
Moderate reduction of visual acuity (6/18-6/24) 10(3.4) 5(7.4) 15(4.1)
Moderate to severe commotio retinae 2(0.7) 0 ( - ) 2 (0.6)
Choroidal tear(s) not involving the macula 2(0.7) 2 (2.9) 4(1.1)
Vitreous floater/traumatic pigmentary retinopathy 7(2.4) 1 (1.5) 8 (2.2)
Nasolacrimal damage 5(1.7) 2(2.9) 7(1.9)
Severe ophthalmic disorders
Gross proptosis 5(1.7) 6(8.8) 11(3.6)
Retrobulbar haemorrhage 2(0.7) 0 ( - ) 2(1.5)
Corneal laceration 0 ( - ) 1(1.5) 1 (0.3)
Hyphaema 4(1.4) 1(1.5) 5(1.4)
Angle recession 7(2.4) 1(1.5) 8 (2.2)
Severe reduction/loss of vision (6/36 or less) 9(3.1) 3(4.4) 12(3.3)
Visual field loss 7(2.4) 1(1.5) 8 (2.2)
Choroidal tear involving the.macula 0 ( - ) o(-) 0 ( - )
Vitreous haemorrhage or retinal tear(s)/detachment 8 (2.7) 1(1.5) 9(2.5)
Optic nerve injury 7(2.4) 2 (2.9) 9(2.5)
Table 4 -  Incidence of ophthalmic disorder in relation to malar fractures
Eye abnormality
Type I. 
(n=42) 
no. (%)
Type II 
(n = 12) 
no. (%)
Type III 
(n= 124) 
no. (%)
Type IV 
(n=91) 
no. (%)
Type V 
(n=36) 
no. (%)
Type VI 
(n=8) 
no. (%)
Type VII 
(n=27) 
no. (%)
All
(n=341)
no.
Reduced visual acuity 4(9.5) 0 ( - ) 14(11.3) 16(17.6) 8 (22.2) 1 (12.5) 11 (40.7) 54
Visual field loss o(-). o(-) 3(2.4) 3(3.3) 0 ( - ) 0 ( - ) 1 (3.7) 7
Impaired accommodation 4(9.5) 0 ( - ) 4(3.2) 3(3.3) 1 (2.8) 0 ( - ) 0 ( - ) 12
Eyelid injury 1 (2.4) 7(58.3) 90 (72.6) 69(75.8) 28 (77.8) 7 (87.5) 24 (88.9) 226
Nasolacrimal damage 0 ( - ) 0 ( - ) 1 (0.8) 2 (2.2) 0 ( - ) 0 ( - ) 2(7.4) 5
Eye displacement 1 (2.4) 0 ( - ) 3(2.4) 11 (12.1) 8 (22.2) <>(-) 5(18.5) 28
Proptosis 2(4.8) 0 ( - ) 1 (0.8) 4 (4.4) 2(5.6) 0 ( - ) 2(7.4) 11
Enophthalmos 1 (2.4) 0 ( - ) 0 ( - ) 7(7.7) 17 (47.2) 0 ( - ) 4(14.8) 29
Orbital emphysema 1 (2.4) 0 ( - ) 0 ( - ) 0 ( - ) 3(8.3) 0 ( - ) 0 ( - ) 4
Conjunctival injury 26 (61.9) 5(41.7) 86 (69.4) 68 (74.7) 28 (77.8) 6(75.0) 23 (85.2) 242
Corneal damage 0 ( - ) 0 ( - ) 1 (0.8) 0 ( - ) 0 ( - ) 0 ( - ) o(-) 1
Pupillary changes o ( - ) 0 ( - ) 3(2.4) 2 (2.2) 2(5.6) 0 ( - ) 1 (3.7) 8
Iris damage 2(4.8) 0 (—) 1 (0.8) 2 (2.2) 0 ( - ) O ( - ) 0 ( - ) 5
Angle recession 1 (2.4) 0 ( - ) 1 (0.8) 4 (4.4) 1 (2.8) o(-) 1 (3.7) 8
Lens damage o(-) 0 ( - ) 1 (0.8) 0 ( - ) 0 ( - ) O ( - ) 0 ( - ) 1
Macular oedema 1 (2.4) 0 ( - ) 2(1.6) 5(5.5) 2(5.6) 0 ( - ) 4(14.8) 14
Commotio retinae 3(7.1) 0 ( - ) 5(4.0) 8 (8.8) 5(13.9) 1(12.5) 3(11.1) 25
Retinal/vitreous damage 0 ( - ) 0 ( - ) 2(1.6) 6 (6.6) 0 ( - ) 1(12.5) 3(11.1) 12
Choroidal injury 0 ( - ) 0 ( - ) 0 ( - ) 1(1.1) 1 (2.8) 1(12.5) 1 (3.7) 4
Optic nerve injury 0 ( - ) 0 ( - ) 3(2.4) 2 (2.2) 1 (2.8) 0 ( - ) 2(7.4) 8
Retrobulbar haemorrhage 0 (—) 0 ( - ) 0 ( - ) 0 ( - ) 1 (2.8) 0 ( - ) 1 (3.7) 2
Total number of eye abnormalities 706
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Table 5 -  Incidence of ophthalmic disorder in relation to Le Fort 
and NOE fractures
Eye abnormality
Le Fort I 
(n=8)
Le Fort II Le Fort III 
(n=22) (n=2)
NOE
(n= l(
Reduced visual acuity 1 7 0 1
Visual field loss 0 1 0 0
Impaired accommodation 0 0 0 0
Eyelid injury 6 17 1 7
Nasolacrimal damage 0 2 0 2
Eye displacement 1 6 0 3
Proptosis 0 1 0 1
Enophthalmos 1 3 0 1
Orbital emphysema 0 0 0 0
Conjunctival injury 5 16 1 7
Corneal damage 0 0 0 0
Pupillary changes 1 1 1 0
Iris damage 0 0 0 0
Angle recession 0 1 0 0
Lens damage 0 0 0 0
Macular oedema 0 2 0 1
Commotio retinae 0 3 0 0
Retinal/vitreous damage 0 1 0 0
Choroidal injury 0 0 0 0
Optic nerve injury 0 3 0 0
Retrobulbar haemorrhage 0 0 0 0
Le Fort type fractures were isolated in only 6 cases and the rest 
were combined with other midfacial fractures.
thalmos. Forty two patients (11-6%) sustained 
severe eye injuries such as angle recession, retinal or 
vitreous injury, or optic nerve damage. Of those 42 
patients, 9 (2-5%) lost vision in the affected eye.
Severe ocular disorder was more common in 
females (14-7%) than in males (10-8%). However, 
the difference was not found to be statistically 
significant. The severity of ocular abnormality was 
not found to be significantly related to age or to 
season. Severe ocular disorder was most common 
following RTA (Fig. 5). Nine of 45 patients (20%) 
with confirmed midfacial fractures due to RTA 
suffered a severe ocular abnormality. Assaults were
associated with 11% of severe ocular abnormalities 
(20/181) and falls with 7-2% (5/69) whilst only 4-4% 
(2/45) of those individuals who were involved in 
sporting accidents sustained severe ocular injury. 
Industrial accidents were associated with a 23% rate 
of severe eye abnormality (3/13), however, the size 
of this group is too small to allow accurate inter­
pretation. RTA caused the highest proportion of 
impaired vision (28-9%), (0-001<p<0-01), while 
simple falls caused the lowest proportion (5-8%), 
(0-01<p<0-02). Other causes of facial trauma such 
as assaults, sports and industrial accidents were 
associated with intermediate frequencies of reduced 
vision (15%).
Figure 6 demonstrates the relationship of ocular 
injury categories to the different types of malar 
fracture sustained. One third of all patients with 
comminuted malar fracture (Type VII) suffered a 
severe ocular disorder (9/27=33-3%) while blow-out 
fractures (Type V) came second (6/36=16-7%). No 
severe ocular disorders were observed with fractures 
of the zygomatic arch only (Type II).
Fifty six of 363 patients (15-4%) had suffered 
transient or permanent visual loss. Causes of 
impaired vision varied from minor, self-healing 
corneal injuries to optic nerve avulsion. Permanent 
loss of vision ensued in 8 cases and was due to 
traumatic optic neuropathy in each case. The type of 
facial fracture was found to be an important factor in 
relation to visual deterioration. Comminuted malar 
fractures were associated with a 41% incidence of 
visual impairment in contrast to 15% for the whole 
series (p<0-001). Visual loss occurred most fre­
quently in the 30- to 40-year age group (0-02<p<0-05) 
and least frequently in the 20- to 30-year age group 
patients (p<0-001). Females were significantly more 
likely to suffer visual loss than males of the same age 
group (0-01<p<0-02).
Table 6 -  Incidence of ophthalmic disorder in relation to the aetiology of midfacial trauma
Eye abnormality
RTA
(n=45) 
no. (%)
Assault 
(n=181) 
no. (%)
Fall 
(n=69) 
no. (%)
Sport 
(n -45) 
no. (%)
Industrial 
(n=13) 
no. (%)
Other 
(n=10) 
no. (%)
All
(n=363) 
no. (%)
Reduced visual acuity 13(28.9) 29(16.0) 4(5.8) 5(11.1) 3(23.1) 2 (20.0) 56(15.4)
Visual field loss 4 (8.9) 1 (0.6) 1(1.4) 0 ( - ) 1 (7-7) 1(10.0) 8 (2.2)
Impaired accommodation 0 ( - ) 10(5.5) 1(1.4) 0 ( - ) 0 ( - ) 1 (10.0) 12 (3.3)
Eyelid injury 30 (66.7) 138 (76.2) 48 (69.6) 29 (64.4) 9 (69.2) 8 (80.0) 262 (72.2)
Nasolacrimal damage 4(8.9) 2(1.1) 1(1.4) O ( - ) 0 ( - ) 0 ( - ) 7(1.9)
Eye displacement 6(13.3) 13 (7.2) 5(7.2) 1 (2.2) 3(23.1) 1 (10.0) 29 (8.0)
Proptosis 1 (2.2) 6(3.3) 3(4.3) 0 ( - ) 0 ( - ) 1 (10.0) 11 (3.0)
Enophthalmos 4 (8.9) 16(8.8) 4(5.8) 1 (2.2) 2(15.4) 2 (20.0) 29 (8.0)
Orbital emphysema 0 ( - ) 1 (0.6) 0 ( - ) 1 (2.2) 0 ( - ) 2 (20.0) 4(1.1)
Conjunctival injury 31 (12.3) 138 (76.2) 40 (58.0) 26 (57.8) 8(61.5) 9 (90.0) 252 (69.4)
Corneal damage 0 ( - ) 0 ( - ) 0 ( - ) 0 ( - ) 0 ( - ) 1 (10.0) 1 (0.3)
Pupillary changes 4 (8.9) 2(1.1) 1(1.4) 2(4.4) 0 ( - ) 0 ( - ) 9(2.5)
Iris damage 1 (2.2) 3(1.7) 0 ( - ) 0 ( - ) 0 ( - ) 1 (10.0) 5(1.4)
Angle recession 0 ( - ) 5(2.8) O ( - ) 1 (2.2) 2(15.4) 0 ( - ) 8 (2.2)
Lens damage 0 ( - ) 1 (0.6) O ( - ) 0 ( - ) O ( - ) 0 ( - ) 1 (0.3)
Macular oedema 6(13.3) 5(2.8) 2(2.9) 1 (2-2) 0 ( - ) 0 ( - ) 14(3.9)
Commotio retinae 4 (8.9) 16(8.8) 2 (2.9) 3(6.7) 0 ( - ) 1 (10.0) 26 (7.2)
Retinal/vitreous damage 4 (8.9) 5(2.8) 0 ( - ) 1 (2.2) 1 (7.7) 1 (10.0) 12(3.3)
Choroidal injury 2(4.4) 1 (0.6) O ( - ) 1 (2.2) 0 ( - ) 0 ( - ) 4(1.1)
Optic nerve injury 3(6.7) 2(1.1) 2 (2.9) 0 ( - ) 1 (7.7) 1 (10.0) 9(2.5)
Retrobulbar haemorrhage ( ) ( - ) 1 (0.6) 0 ( - ) 0 ( - ) 0 (7.7) 1 (10.0) 2 (0.6)
Total number of eye abnormalities 117 395 114 72 30 33 761
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DISCUSSION
This report is the largest prospective survey of the 
ocular sequelae Of midfacial fracture currently 
available. Ocular injury of varying severity is a 
common sequel to midfacial fracture (Paton & 
Emery, 1973). The severity of the facial fractures is 
dependent upon the nature of the injury and is 
directly related to the likelihood and severity of 
trauma to the eye. Disruption of the orbital walls 
deprives the eye and its adnexae from the protection 
they are normally afforded (Jabaley et al., 1975). In 
the present study, patients with the most severe head 
or facial injuries warranting neurosurgical inter­
vention are managed in a separate unit and have not 
been included in this report. It can be anticipated, 
however, that such individuals are highly susceptible 
to injury of the visual system. Disturbance of ocular 
motility was also a common sequel. The details of 
the motility disorders seen in this series of patients 
are described separately (AI-Qurainy etal., 1991a).
The major cause of maxillofacial trauma in this 
study was alleged assault. The patients assessed were 
from a large industrialised area with a high rate of 
unemployment (Ellis et al., 1985). This may be 
related to the fact that the majority of injured 
patients were young adult males who sustained their 
injuries in alleged assaults. This cause of fracture 
and type of patient correspond to the results found 
in comparable studies (Lundin et al., 1973; Altonen 
et al., 1976). Although alleged assaults were more 
common in males than in females, the difference was
not found to be statistically significant. Falls, 
however, were more common in females than in 
males (0-01<p<0-001). In general, fractures were 
almost equally shared between both sides of the 
face. However, fractures sustained due to assaults 
were predominantly left-sided which relates with the 
fact that the majority of people are right-handed. 
This finding is in agreement with the investigations 
of Hitchin and Shuker (1973), Altonen et al. (1976) 
and Muller and Schoeman (1977), who also found 
that assault victims displayed a predominance of left­
sided fractures. June was the month in which the 
greatest incidence of injury occurred. This, probably, 
is expected in a summer month where most of the 
assaults, RTA and sporting events take place.
It was interesting to find that patients who 
sustained a head injury severe enough to cause 
amnesia were more likely to suffer a disturbance to 
their visual system. As expected, amnesia was most 
common following RTA. The protective effect of 
seat belts is evidenced by the fact that all unrestrained 
patients developed concussion manifested by 
amnesia.
Traumatic enophthalmos is usually due to enlarge­
ment of the orbital cavity subsequent to a floor or, 
less commonly, medial wall fracture (Converse & 
Smith, 1956); although dislocation of the trochlea, 
atrophy of orbital fat, cicatricial contraction of 
retrobulbar tissue and rupture of orbital ligaments or 
fascial bands have been previously incriminated 
(Benedict, 1936). Pfeiffer (1943) reviewed 53 patients 
with traumatic enophthalmos following facial bone
300 British Journal of Oral and Maxillofacial Surgery
fractures and noted orbital bone involvement in each 
case. Of these, 24 patients sustained pure blow-out 
fractures which were due to assaults in 58% (n=14), 
and RTA in 17% (n=4) of cases. Our figures are 
closely in accordance with those of Pfeiffer. Enoph­
thalmos following facial trauma should always raise 
suspicion of an orbital wall fracture and a CT scan is 
advisable when plain X-rays are negative.
There is a number of reports of large series of 
facial fractures in which associated injuries were 
reported (Gwyn et al., 1971; Morgan et al., 1972; 
Steidler et al., 1980) but most of these reports only 
mentioned briefly or fail to characterise specific 
ocular complications. The very low incidence of 
ophthalmic injury reported by non-ophthalmic 
authors (McCoy et al., 1962; Converse et al., 1967; 
Schultz, 1967; Gwyn etral., 1971; Morgan et al., 
1972; Turvey, 1977; Luce et al., 1979) probably 
indicates that significant ophthalmic pathology may 
have gone undetected. On the other hand, the low 
incidence of ophthalmic injury reported by some 
ophthalmic surgeons (Milauskas & Fueger, 1966; 
Miller & Tenzel, 1967) may indicate that only the 
more serious ocular injuries had been reported while 
mild and less serious injuries were not mentioned.
The overall incidence of ophthalmic injury of any 
severity (including sub-conjunctival haemorrhage) 
following maxillofacial trauma in the present series 
is 90-6% (329/365). This figure is much higher than 
those previously published in the literature, including 
the 67% rate reported by Holt et al. (1983). 
However, Holt’s series was retrospective, included 
only 51% of facial fracture patients potentially 
available for assessment and provided limited 
follow-up documentation. It was therefore selective 
on the part of the attending maxillofacial surgeon 
and allowed no definite conclusions to be drawn 
concerning the possibility of undetected eye injuries 
in the patients who did not have formal eye 
examination.
The results of this study reinforce the contention 
that RTA cause more severe ocular injuries than any 
other cause of facial trauma (Petro et al., 1979; Holt 
et al., 1983). Similarly, comminuted malar fractures 
were associated with the highest incidence of visual 
dysfunction.
Fortunately, many of the ocular injuries were 
transient and of no permanent consequence. 
However, the incidence of 11*6% (42/363) of patients 
with serious or blinding injuries is significant. Of 
particular importance are those cases of optic nerve 
contusion or compression (2-5%). Total loss of 
vision in quite healthy looking eyes is not uncommon 
following facial trauma. Ketchum et al. (1976) 
presented 2 cases of bilateral blindness without 
direct injury to the globe and postulated that a 
haematoma, ischaemia, or direct bone fragment 
penetration of the optic nerve may have been the 
cause. In the light of the more recent study by 
Anderson et al. (1982) illustrating the proper timing 
of surgical decompression of the optic nerve and 
response to high dose corticosteroid therapy, such 
injuries may deserve immediate and aggressive
management especially if the initial examination 
demonstrates some vision immediately following the 
injury.
The results of the eye examination, while they do 
not often alter the type of fracture repair, may 
influence the indications and timing of the repair 
because treatment of certain ocular injuries, such as 
optic nerve compression, must be instituted at once. 
The proper time for an eye examination, especially 
visual acuity testing, is at the time of initial assess­
ment of the patient’s trauma. We suggest that all 
patients sustaining midfacial fracture associated with 
a significant decrease in visual acuity either pre- or 
postoperatively should have an early ophthalmo- 
logical review. Many patients sustaining facial injury 
make recourse to legal or insurance claims. The 
results of detailed ophthalmic assessment often add 
weight to such cases and affect levels of compensation 
paid.
The data accruing from this study have been 
subjected to discriminant function analysis and has 
resulted in the development of a scoring system 
which allows the maxillofacial surgeon to determine 
which patients warrant ophthalmic referral and with 
what urgency (Al-Qurainy et al., 1991b.)
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Diplopia following midfacial fractures
I. A. Al-Qurainy, L. F. A. Stassen, G. N. Dutton, K. F. Moos, A. El-Attar
Tennent Institute o f Ophthalmology, Western Infirmary, and Department o f  Oral and Maxillofacial 
Surgery, Canniesburn Hospital, Glasgow.
SUM M ARY. Over a period of 2 years, 363 patients who had sustained a total of 438 midfacial fractures due to 
blunt trauma received a full ophthalmological examination within 1 week of injury. Of these, 72 patients 
(19-8%) developed diplopia. Diplopia was most common following road traffic accidents (31%) and least 
common with simple falls (10%). Blow-out fractures of the orbit led to double vision in 58% of cases. Eighty 
two percent of patients recovered from diplopia within 6 months of injury; only 1 patient required squint 
surgery for double vision. The principal risk factors for diplopia comprise road traffic accidents, blow-out 
fractures and comminuted malar fractures. Early surgical reconstruction of midfacial fractures with 
conservative management of concomitant motility disorders has, in our series, resulted in very few patients 
having diplopia in the long term.
INTRODUCTION
Diplopia resulting from extra-ocular muscle 
imbalance is a common complication of fractures of 
the zygomatico-maxillary complex (Yee etal., 1975). 
The reported incidence of diplopia ranges between 
15% of recent to 56% of late presentations of 
zygomatic fractures (Tajima et al., 1974). Blow-out 
fractures of the orbit comprise the most common 
cause of diplopia (Helveston, 1977) which occurs in 
36 to 86% of such cases (Converse et al., 1967; 
Leibsohn et al., 1976).
Vertical diplopia on up and down gaze commonly 
results from the soft tissue incarceration which 
follows an orbital floor blow-out fracture; whilst 
impairment of abduction may be a sequel to the less 
common medial wall blow-out fracture (Piddle, 
1968) or a traumatic VI cranial nerve palsy. Orbital 
rim fractures without blow-out fractures may also 
result in diplopia (Converse et al., 1961) which may 
be transitory. This diplopia has been attributed to 
impairment of movement due to oedema, haematoma 
or injury to the extra-ocular muscles or their nerve 
supply (Barclay, 1958; Converse et al., 1961).
Entrapment of orbital tissue, extra-ocular muscle, 
check ligament injury, intra-orbital haemorrhage or 
oedema, or paresis due to cranial nerve injury, must 
be differentiated from one another as they may give 
rise to similar clinical features but their management 
differs (Thaller-Antlanger, 1980). A  detailed history, 
thorough clinical examination and appropriate radio­
logical evaluation is therefore required in order to 
establish the cause of double vision and to plan 
appropriate treatment.
The present prospective study was carried out to 
relate the type of injury sustained to the incidence 
and severity of subsequent eye movement disorder
and thereby to identify the risk factors involved and 
to determine the prognosis for the restoration of 
binocular single vision.
PATIENTS AND METHODS
Three hundred and sixty three patients with midfacial 
fractures due to blunt facial trauma who attended 
the Oral and Maxillofacial Unit at Canniesburn 
Hospital, Glasgow during the period 1 April 1985 to 
31 March 1987 were admitted to this study. All 
patients were assessed preoperatively and the 
follow-up time was up to 2 years for those patients 
with motility disturbances. The details of this group, 
the methods of assessment and Canniesburn’s policy 
on timing of surgical intervention have already been 
described (Al-Qurainy et al., 1991). At each con­
sultation patients were asked whether they were 
troubled by double vision.
The duration of diplopia from the time of injury 
was classified into six categories: less than 1 day; 
1 day to 1 week; 1 week to 1 month; 1 month to 
6 months; 6 months to 1 year and more than 1 year. 
Diplopia was classified according to the following 
sub-categories (1) close to midline (within 15° of 
fixation); (2) in eccentric gaze (outside 15° of 
fixation); or (3) diplopia, of either category, which 
developed following surgery.
RESULTS
Three hundred and sixty three patients (295 males 
and 68 females) sustained a total of 438 midfacial 
fractures. The frequency distributions of the types 
and causes of these fractures have already been
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Fig. 1-The frequency distribution of diplopia in males and females.
illustrated (Al-Qurainy et al., 1991). Seventy two of 
363 patients (19.8%) complained of diplopia at the 
time of injury (Fig. 1). Fifty eight were male (19.7% 
of the male population) and 14 were female (20.6% 
of the female population). They had sustained a 
total of 94 midfacial fractures. Eighteen out of these 
72 patients (25%) had sustained multiple fractures at 
two or three facial sites. However, the difference 
between multiple injury and single injury as a risk 
factor in the causation of diplopia was not found to 
be statistically significant.
Diplopia was most common in association with 
road traffic accidents (RTA) (14/45=31.1%), and 
least common with simple falls (7/69=10.1%), while 
assaults and industrial accidents yielded 20.4% 
(37/181), and 23% (3/13) of diplopia patients respec­
tively (Fig. 2). The incidence of diplopia was related 
to the type of fracture sustained (Fig. 3). Diplopia 
was most common following blow-out fractures of 
the orbit (Type V), whilst it did not occur with 
isolated fractures of the orbital rim (Type VI). 
Twenty one (58.3%) of the patients with an orbital 
blow-out fracture had diplopia, all but one had their 
orbital floors explored. Eleven of these patients 
were found at surgery to have soft tissue entrapment 
in the orbital floor whilst one exhibited entrapment 
in the floor and medial wall. Eight patients had 
displacement of orbital contents into the antrum but 
no entrapment was elicited at the time of surgery. 
The remaining patient demonstrated entrapment of 
the superior oblique tendon in an orbital roof 
fracture verified by computerised tomogram (CT) 
scans (Al-Qurainy et al., 1988).
Almost 30% of patients (8 out of 27) with a 
comminuted malar fracture (Type VII) suffered 
diplopia, while 22 of the 91 patients (24%) who had 
sustained a malar fracture with a distracted fronto- 
zygomatic (F-Z) suture (Type IV) were aware of 
double vision. A smaller proportion of patients (10 
out of 124) (8.1%) complained of diplopia when the 
F -Z  suture was undistracted (Type III) Or when the 
fracture involved only the zygomatic arch (Type II)
ns>363 
Q  Diplopia
■  No Diplopia
CAUSE OF 
FRACTURE
Fig. 2-The proportion of patients who suffered with diplopia (percentage figures) compared with those who did not, in each aetiological 
category.
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Fig. 3-The distribution of patients with diplopia in each category of malar fracture.
(1/13=8.3%). Malar fractures which were classified 
as undisplaced (Type I) led to diplopia in 11.9% of 
cases (5 out of 42). With regard to maxillary 
fractures, 1 of the 2 patients with a Le Fort III type 
fracture and 8 of the 22 patients with a Le Fort II 
type fracture (36.4%) reported diplopia. However, 
all these patients with Le Fort fractures had also 
sustained other facial fractures.
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Fig. 4-The proportion of patients with each category of diplopia.
On examining the 72 patients with diplopia (Fig. 
4), 19 (26.4%) of them had diplopia close to the 
midline whilst 46 (63.9%) experienced diplopia 
only in extreme (eccentric) gaze. Seven (9.7%) 
patients who initially reported symptoms of diplopia 
which had been confirmed on first examination were 
found to have recovered by the time they were seen 
in the eye clinic within 1 week of injury.
Fifteen of the 19 patients with diplopia close to the 
midline had sustained a pure (6) or an impure (9) 
blow-out fracture. Nine of these 15 patients had 
demonstrable soft tissue entrapment at surgery, the 
other 6 patients had significant orbital content 
displacement but no true entrapment. The remaining 
patients had sustained a range of facial fractures: 
naso-orbito-ethmoidal (NOE) (2), Le Fort II (1), 
type I malar fracture (1).
Diplopia was transient, lasting only for a few 
seconds or minutes in 2 out of the 72 (2.8%) diplopia 
patients (Fig. 5). A quarter of the patients (18) 
recovered in a matter of a few hours to 1 week. 
Twenty one patients (29.2%), however, recovered 
within 1 to 4 weeks, and another 18 (25%) suffered 
from diplopia for between 1 to 6 months. Eight 
(11.1%) of the patients with diplopia required 7 to 
12 months to recover, and 5 (6.9%) complained of 
diplopia for greater than 12 months from the date of 
injury. Four of the 13 patients with diplopia for more 
than 6 months had sustained a tripod fracture with a 
distracted F -Z  suture (Type IV), 6 patients had 
sustained a blow-out fracture (Type V) and 3 had 
suffered comminuted fractures of the zygomatico­
orbital complex (Type VII) with associated skull
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Fig. 5-The rate of recovery of diplopia among affected patients. 
Figures on the dotted line indicate the number of patients who 
recovered during that period.
fractures. With regard to the 5 patients who suffered 
diplopia for more than 1 year, two had sustained 
pure blow-out fractures of the orbital floor and 
another two had received tripod fractures with 
distraction of the F -Z  suture. One patient had 
sustained a combination of a comminuted zygo- 
matico-orbital fracture, a maxillary fracture at the 
Le Fort II level and an associated skull fracture.
The causes of injury in the 13 patients with 
diplopia for greater than 6 months were RTA (3 
patients) and assault (7 patients), the rest of the 
patients suffered an industrial accident (1), a sporting 
injury (1) and a home accident in an 8-year-old child 
(1). There did not appear to be a relationship 
between the aetiology of the injury and persistence 
of diplopia.
Diplopia was seen only in extreme (eccentric) 
gaze in 12 out of the 13 patients with persistent 
diplopia and it did not cause them concern. One 
patient had troublesome diplopia in the primary 
position of gaze for which he required squint 
surgery.
In this series of 363 patients, 10 patients (2.8%) 
developed a III, VI or VII cranial nerve palsy. Five 
of them followed RTA, four were due to assault and 
one was due to an industrial accident. There were 2 
cases of abducent nerve palsy and 1 case of an 
oculomotor nerve paralysis. In these cases, spon­
taneous recovery took place within 7 months. Seven 
patients developed a facial nerve palsy. No case of 
trochlear nerve palsy was identified.
Six of the patients with a cranial nerve palsy 
developed diplopia. Three of these were patients 
with abducent and oculomotor nerve palsies. The 
other three patients had facial nerve palsies, the 
cause of diplopia in these cases was a consequence of 
the orbital fracture. The type of fracture and cause 
of injury were different in each case.
DISCUSSION
Diplopia resulting from facial fractures has frequently 
been reported. However, a review of the literature 
shows that little attention has been paid to the 
course of recovery and the prognosis. Moreover, no 
attempt has been made to link diplopia to the cause 
or type of injury contributing to it. The reported 
incidence of diplopia following facial trauma (Table 
1) is variable. It ranges from 1% (McCoy et al.,
1962) to 86% (Converse et al., 1967). In this present 
study, 19-8% of 363 patients suffered diplopia. This 
is comparable to the work of Hakelius and Ponten
(1973) and Tajima etal., (1974) who reported figures 
of 21% and 15% respectively. However, the 
incidence of diplopia rises to high levels when the 
population of study is pre-selected, as for example in 
the case of blow-out fractures (Converse et al., 1967; 
Greenwald et al., 1974).
RTA were the most common cause of diplopia in 
this study (Fig. 2). Thirty one percent of all patients 
involved in RTA complained of diplopia. The 
second most common cause was assault associated 
with alcohol consumption (23.5%). However, we 
have seen more patients with diplopia overall due to 
assault than in any other category because of the 
high number of assaulted patients in our series. The 
incidence of diplopia was higher among patients who 
were assaulted whilst under the influence of alcohol 
(23.5%) than among those who were sober (17.7%). 
However, the difference between these two groups 
was not statistically significant. Industrial accidents 
led to diplopia in 23% of cases. Smaller percentages 
of diplopia were seen following sporting accidents 
(19.1%) or a fall (8.3%). No such detailed classi­
fication of diplopia in relation to aetiology is 
available for comparison. Patients with Type IV, 
Type V, and Type VII (pure or impure blow-out) 
fractures were more likely to suffer from persistent 
diplopia (for longer than 6 months).
Diplopia is most frequently associated with blow­
out fractures of the orbit. Converse et al. (1967) 
reported the incidence to be 86% and Greenwald
(1974) reported 70%. The more recent work by 
Leibsohn (1976) showed the incidence to be 36%. In 
our study, blow-out fractures contributed to diplopia 
in 58.'3% of cases. Our figures probably represent a 
relatively unbiased spectrum of midfacial fractures. 
By contrast, it is possible that an element of pre-
Table 1 -  Incidence of diplopia following facial fractures as 
quoted in other studies
Author(s) Incidence Population of patients
McCoy etal. (1962) 1.0% 
Converse et al. (1967) 86.0% 
Hakelius & Ponten 21.8% 
(1973)
Taj ima et al. (1974) 15.0% 
Tajima et al. (1974) 56.0% 
Leibsohn etal. (1976) 36.0% 
Greenwald et al. (1974) 70.0% 
Steidler et al. (1980) 32.1%
Middle third fractures 
Blow-out fractures 
Midface fractures
Recent zygomatic fractures 
Late zygomatic fractures 
Blow-out fractures 
Blow-out fractures 
Middle third fractures
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selection contributed to the high proportions quoted 
by Converse et al. (1967) and Greenwald (1974).
Maxillary fractures at the Le Fort III and Le Fort 
II levels associated with other facial fractures were 
common causes of diplopia, as were the NOE 
fractures. This probably represents the severity of 
the injury. Our study does not, however, accurately 
represent the incidence of diplopia in this group of 
patients because many of the more serious Le Fort 
fractures were associated with head injuries and 
therefore treated by the Canniesburn maxillofacial 
staff in the neurosurgical unit and have not been 
included in this study.
Maxillofacial fractures are associated with serious 
head injury in 25% of cases (Converse & Smith,
1963). Therefore, in addition to direct orbital trauma 
affecting ocular motility, various degrees of damage 
to the central nervous system, as well as possible 
trauma to the cranial nerves, can take place (Smith 
et al., 1971). Loss of the ability to fuse the images 
from both eyes after trauma has been described by 
Hart (1969) and Stanworth (1974) and trauma is a 
recognised cause of the breakdown of an existing 
heterophoria (latent squint) (Lee, 1983). A cranial 
nerve palsy may affect ocular motility. A review of 
the literature (Table 2) shows that motor cranial 
nerve palsy following head and/or facial trauma 
ranges from 3% in closed head injuries (Russell, 
1960) to 71% following fatal RTA (Heinze, 1969).
Orbital fractures commonly give rise to double 
vision. Not surprisingly, severe injuries resulting in 
comminution, F -Z  distraction or blow-out fractures 
pose the greatest risk. Eight percent of patients with 
zygomatic arch fractures developed diplopia on 
eccentric gaze but this settled rapidly. Diplopia in 
these cases may have been caused simply by oedema.
The present policy in the Oral and Maxillofacial 
Surgery Unit at Canniesburn Hospital is to operate 
early (within 2 weeks) on patients who have sustained 
facial trauma. Only 8 of the 72 patients were treated 
conservatively, all of whom had sustained undisplaced 
fractures, and whose diplopia resolved spontan­
eously. Resolution of diplopia is not well documented 
in the literature. Often, diplopia has been given as a 
reason to advocate early (Harley, 1975) or late 
(Langnickel & Munich, 1978) surgical treatment of 
maxillofacial trauma. Retrospective studies are
Table 2 -  Incidence of oculomotor palsy following head and/or 
facial trauma as cited by other authors
Author(s) Incidence Basis of selection
R ucker(1958) 16-2% Blunt trauma to the head
Russell (I960) 3-0% Closed head injuries
Schrader & Schlezinger 39-0% Vlth cranial nerve
(1960) palsy only
Hughes (1964) 7.0% Head injuries
R ucker(1966) 14.3% Blunt trauma to the head
Heinze (1969) 71.0% Fatal RTA only
Burger et al. (1970) 39.0% Vlth cranial nerve
palsy only
Robertson et al. (1970) 20.0% IVth cranial nerve in
children
biased in their patient selection because those 
patients who were not treated surgically were either 
considered not to warrant treatment or they had 
declined surgery. Putterman et al., (1974) retro­
spectively reviewed the clinical course of 28 patients 
and prospectively assessed 29 patients following 
blow-out fractures of the orbital floor which had not 
been treated surgically. The relatively benign 
outcome in these patients demonstrated, in that 
author’s opinion, the feasibility of managing blow­
out fractures without surgery. This opinion, however, 
has not been shared by many other authors (Smith 
& Converse, 1957; Smith & Regan, 1957; Patterson 
& Depue, 1962; Reeh & Tsujimura, 1966) who have 
recommended an early exploratory and active 
surgical approach to avoid persistent diplopia and 
disfiguring enophthalmos.
The risk factors for the development of diplopia 
are: RTA, blow-out fracture and comminuted malar 
fracture. For persistent diplopia, however, the only 
risk factor which is statistically significant is the pure 
or impure blow-out fracture. Only 1 of 363 patients 
in the series required squint surgery for diplopia and 
he had suffered a medial blow-out fracture which 
had initially been overlooked. Early surgical 
reconstruction, especially of the orbital floor, and 
conservative management of motility disorders may 
have contributed to a satisfactory outcome for our 
patients.
It is our belief that all patients with diplopia in the 
primary position of gaze should be evaluated by an 
ophthalmologist in order to establish the cause and 
to determine the optimum plan of management. 
Mild diplopia may be caused by oedema, haematoma, 
nerve palsies or entrapment. These causes can be 
differentiated with appropriate investigations. Early 
surgery for blow-out fractures with manifest clinical 
and radiological features has, in this study, not been 
associated with long-standing motility disorder, and 
the belief that diplopia may be aggravated per­
manently by surgery is disproved. In this study no 
patient developed diplopia as a direct result of 
surgery.
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Midfacial fractures and the eye: the development of a system for detecting 
patients at risk of eye injury
I. A. Al-Qurainy, D. M. Titterington, G. N. Dutton, L. F. A. Stassen, K. F. Moos, A. El-Attar
Tennent Institute o f  Ophthalmology, Western Infirmary, Department o f  Statistics, University o f Glasgow, 
and Department o f  Oral and Maxillofacial Surgery, Canniesburn Hospital, Glasgow.
SUMMARY. Maxillofacial trauma is often complicated by injury to the eye. Such injuries may be difficult to 
detect and may therefore be missed. Detailed ophthalmic examinations were carried out prospectively on 363 
patients who had sustained midfacial fractures. Fifty four parameters comprising maxillofacial, radiological 
and ophthalmic data were recorded and coded for each patient. All encoded data were divided into predictors 
(the data potentially available to the maxillofacial surgeon) and outcome (the data potentially available to the 
ophthalmologist). Statistical methods of regression, and the analysis of contingency tables, led to the 
identification of the principal predictors indicative of underlying ophthalmic injury and thence to a scoring 
system which predicts the severity of such injuries. Impaired visual acuity is the principal predictor and when 
employed alone gives a sensitivity value of 80%. Pure blow-out fracture or comminuted facial fracture, double 
vision and amnesia emerged as additional factors which yielded an efficient scoring system with a sensitivity of 
89% and specificity, of 90% for the population upon which it was based. A score sheet is provided in the paper. 
These predictors can be remembered from the acronym /flow-out fracture, Acuity, Diplopia, Amnesia, 
Comminuted Trauma. As many such injuries result from a BAD ACT, it is easily remembered. This scoring 
system requires to be tested upon a new population of individuals in order to determine its efficacy.
INTRODUCTION
Maxillofacial fractures are commonly complicated 
by injuries to the visual system (Petro et al., 1979; 
Culbertson, 1983; Hold & Holt, 1983). Such injuries 
may be difficult to detect without the requisite 
expertise and equipment. However, it is impractical 
to refer all such patients for ophthalmic assessment. 
In order to determine the optimum criteria for 
referral of appropriate patients to the ophthal­
mologist, we have devised a scoring system based 
on a prospectively assembled data base of patients 
with maxillofacial fractures (Al-Qurainy etal., 1991a).
PATIENTS AND METHODS
The database comprises a cohort of 363 patients with 
a variety of midfacial fractures who had been sent as 
secondary referrals to the Oral and Maxillofacial 
Unit at Canniesburn Hospital during a 2-year period. 
The details of this group and the methods of 
assessment have already been described (Al-Qurainy 
et al., 1991a). Table 1 lists the criteria as ‘predictors’ 
for potential ophthalmic injury. The predictors 
comprise the data which are immediately available 
to the maxillofacial surgeon. Tables 2, 3 and 4 list 
the eye injuries as ‘outcomes’ divided into the 
categories of non-referral, routine referral and early 
referral. A brief justification for selecting each 
parameter as an outcome is also given:
Table 1 -  List of information available to the maxillofacial 
surgeon which was tested as comprising predictors for the outcome 
of ophthalmic injury
Basic patient data
Sex
Age
Month of injury 
Cause o f  injury
Site o f  injury: determined clinically and radiologically 
Malar fracture site 
Maxillary fracture site 
Other fracture site
Entrapment of soft tissue (floor or medial wall blow-out)
Injury in the region of the trochlea
Method(s) o f  surgical treatment
Ophthalmic data 
Affected eye/side 
Visual acuity
Ocular motility data 
Symptoms: Double vision
History of transient double vision with recovery 
Pain on eye movement
Signs: Abnormal head posture to compensate for double vision 
Manifest deviation of the eye in the primary position of 
gaze
Restriction of extra-ocular movements found on clinical 
examination
Convergence insufficiency
Evidence o f associated injuries 
Amnesia
Cranial nerve palsies
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Table 2 -  List of the ‘non-referral’ category of ophthalmic injuries. 
For each type of injury the justification for the referral category is 
given
Eye abnormality Remarks
Table4 -  List of the ‘early referral’ category of ophthalmic injuries. 
For each type of injury the justification for the referral category is 
given
Eye abnormality Remarks
Post-traumatic neuralgia/ 
anaesthesia 
Coronal eye displacement
Orbital emphysema 
Eyelid swelling/bruises 
Conjunctival chemosis 
Subconjunctival haemorrhage • 
Corneal abrasion 
Mild failure of accommodation 
Mild reduction of visual 
acuity with recovery
Mild commotio retinae
Enophthalmos 
Eyelid laceration 
Conjunctival lacerations
Traumatic pupillary changes 
Iridodialysis
Lens damage: Vossius’ ring
Traumatic cataract
Positive photostress test 
Moderate failure of 
accommodation 
Severe failure of 
accommodation 
Moderate reduction 
of visual acuity
Moderate commotio retinae
Severe commotio retinae 
Choroidal tear: single 
Choroidal tear: multiple 
Vitreous floater
Traumatic pigmentary 
retinopathy 
Naso-lacrimal damage
Spontaneous recovery.
No treatment needed 
Should respond to facial 
fracture treatment 
Absorbs spontaneously 
Clears spontaneously 
Clears spontaneously 
Clears spontaneously 
Heals spontaneously 
Usually recovers spontaneously 
May be due to corneal abrasion. 
No treatment is usually 
needed 
Spontaneous resolution
Usually responds to orbital wall 
reconstruction 
Can be treated by the maxillo­
facial surgeon 
May or may not need suturing 
depending on extent and 
involvement of underlying 
tissue
May indicate other pathology.
Observe and document 
May indicate other pathology. 
Occasionally the iris may need 
to be repaired 
May indicate underlying 
pathology requiring treatment 
or follow-up, for example, 
angle recession 
Indicates need for future 
treatment 
Macular oedema. Self-limiting 
No immediate treatment.
May need refraction later.
As above
May be due to macular oedema, 
corneal abrasion/oedema, 
traumatic mydriasis. Needs 
to be investigated 
To be documented and 
observed. If involving the 
macula, may progress into 
macular cyst/hole 
As above
To be documented and observed 
As above
Should be closely folowed up. 
May indicate underlying 
pathology, but treatment is 
not immediately indicated 
To be documented and observed
If not repaired by the 
maxillofacial surgeon
Proptosis
Retrobulbar haemorrhage 
Corneal damage: 
puncture wound 
Corneal laceration 
Scleral injury 
Hyphaema
Angle recession
Lens dislocation/subluxation
Ruptured lens capsule
Severe reduction in 
visual acuity
*Loss of vision 
*Visual field loss
*Choroidal tear 
involving the macula
*Vitreous haemorrhage
*Flat retinal tear/hole 
*Retinal detachment 
with macula on
*Retinal detachment 
with macula off 
*Total retinal detachment 
*Optic nerve injury: 
contusion 
*Optic nerve: partial 
injury 
*Optic nerve: total 
damage/avulsion
May be due to retrobulbar 
haemorrhage leading to optic 
nerve compression 
As above
Needs urgent repair under 
microscope 
As above
Needs careful repair 
May lead to rise of intraocular 
pressure 
To be followed up closely for 
glaucoma. An acute pressure 
rise may occur 
Treatment may be needed for 
post-traumatic complications 
for example, glaucoma 
Indicates need for future 
treatment 
Optic nerve injury, retinal 
detachment, vitreous 
haemorrhage. Aetiology must 
be established immediately 
As above
To be investigated soon for 
retinal detachment and/or 
damage to the visual pathway 
Document and observe prior to 
facial treatment for medico­
legal reasons 
Needs urgent specialist 
examination 
May need laser/cryotherapy 
Needs urgent specialist 
treatment
As above
As above
Endangers sight. To be 
documented 
As above
To be documented for medico­
legal reasons
* All of these signs indicate major injury. Accurate evaluation 
prior to surgical repair of the facial injuries is preferred so that 
loss of vision cannot be attributed to the surgical intervention and 
an appropriate sequence of management can be organised.
Non-referral cases were defined as those patients 
with ocular injuries without permanent visual or 
physiological sequelae such as corneal abrasion or 
subconjunctival haemorrhage. These injuries heal 
spontaneously.
Routine referral cases were selected as having 
ocular inj uries which are unlikely to lead to permanent 
visual or physiological sequelae but for whom 
referral may be indicated for the purpose of assess­
ment or screening for pathology necessitating 
treatment. Such patients may be referred for a 
routine outpatient examination within, say, 1 month 
of injury.
Early referral cases comprised those individuals 
with ocular injuries such as corneal laceration or
Table 3 -  List of the ‘routine-referraF category of ophthalmic 
injuries. For each type of injury the justification for the referral 
category is given
Eye abnormality Remarks
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retinal damage likely to produce sustained visual loss 
and those patients with adnexal injuries requiring 
advice at an early stage concerning management, 
therapeutic intervention or detailed appraisal for 
medico-legal reasons.
The methods of statistical analysis were as follows:
Selection of risk factors
Each predictor was initially considered separately. 
The data were cross-classified according to the type 
of referral required and the value of each predictor. 
From each two-way contingency table which 
resulted, the Chi-squared statistic was computed and 
predictors were noted for which the statistic was 
significant at or near the 5% level of confidence 
(Armitage, 1971).
Construction of a scoring system
The data concerning referral type (non-referral=0; 
routine referral= l; early referral=2) were combined 
with the data obtained for the predictors which had 
been selected as risk factor in the manner outlined 
above. These were analysed using a stepwise linear 
regression analysis. This procedure comprises a 
means of selecting a subset of the predictors which 
extracts the meaningful predictive information 
contained by all the predictors. The resulting subset 
therefore provides a parsimonious but efficient 
means of prediction. The coefficients in the corres­
ponding regression equation were then rounded off 
to more convenient numbers to provide the formula 
for the raw score shown in the ‘Results’ section. This 
raw score was, in turn, converted to a refined score 
suitable, for use in every day practice. Most statistical 
analysis were carried out using the statistical package 
Minitab (Ryan et al., 1985).
RESULTS
The principal risk factors which, in combination, 
successfully detected the largest numbers of patients 
deemed to warrant referral to the ophthalmologist 
were as follows: (a) Impairment of visual acuity; this 
emerged as the most sensitive single predictor for 
ophthalmic injury (see Table 5 for the associated 
contingency table), (b) Comminuted malar fractures 
were associated with the most severe ocular and 
motility defects, no doubt because the protection 
afforded by an intact lateral orbital wall was lost and 
the eye and orbital tissues were subjected to 
compressive injury, (c) Pure blow-out fractures 
commonly produced motility defects which were 
also deemed to warrant ophthalmic referral, 
(d) Abnormalities of eye movement can, in most 
cases, be easily detected by the maxillofacial surgeon 
primarily on the basis of double vision. Although 
this predictor ‘overlaps’ with comminuted and blow­
out fractures it emerged as a predictor which 
identified additional cases deemed to warrant
Table 5 -  The categorisation of 363 patients according to their 
referral criteria based on changes in visual acuity only. The 
numbers underlined identify those patients who should have been 
referred on clinical grounds but were not (false negatives) because 
the visual acuity was normal or only mildly reduced. The numbers 
in parentheses denote false positives. (The visual acuity code 
comprises 0=6/6 or better; 1=6/9-6/12; 2=6/18-6/24; 3=<6/24; 
4=no perception of light)
Visual acuity code 0 1 2  3 4
Referral category Number of patients entering each category
Non-referral 
Routine referral 
Early referral
250 13
39 _9_
18 _7_
(4)
6
5
(0) (0) 
2 0 
2 8
Scores: 0-4 refer to the values given to visual acuity.
referral, (e) Finally, those patients who were injured 
severely' enough to cause amnesia had sustained 
severe injuries which commonly affected the visual 
system.
The scoring system developed from the risk 
factors was tested by determining the sensitivity and 
specificity for the detection of the ophthalmic 
conditions listed in Tables 2, 3 and 4 and by 
computing the value of the Chi-squared statistic. 
The basic scoring system produced by the regression 
analysis involved the creation and testing of many 
similar but distinct scoring rules. This led to the 
following system which provided the highest value of 
Chi-squared.
(a) Visual acuity variable (xi)
where 0= normal visual acuity (6/4-616)
1=visual acuity mildly reduced (6/9-6/12) 
2=visual acuity moderately reduced 
(6/18-6/24)
3= visual acuity severely reduced (worse 
than 6/24)
4 = loss of vision
(b) Malar fracture type (3(2)
l= if  fracture is comminuted or blow-out 
0 = if otherwise
(c) Motility disorder (X3)
l= if  motility disorder present 
0=if motility disorder absent
(d) Amnesia (X4)
l= if  amnesia (retrograde and post- 
traumatic amnesia) present 
0=if otherwise
From these parameters, the following scoring system 
was computed: 
Score=(4x X ,)+ (3xX 2)+ (3xX 3)+ (5xX4)
The score values were then interpreted by the 
decision rule as follows:
If score=0 (non-referral)
If score= l-4  (non-referral)
If score=5-8 (routine referral)
If sco re= 9-ll (routine referral)
If score=12 or more (early referral)
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Table 6 -  The referral categorisation of the same patients in 
Table 5, taking into account the factors shown in Table 8. The 
numbers underlined comprise the false negative population 
whereas the numbers in parentheses denote the false positives.
Refined score 0 1-4 5-8 9-11 12+
Referral category Number of patients entering each category
Non-referral 173 69 (22) (3) (1)
Routine referral 10 12 24 5 4
Early referral 5 10 5 7 13
The numbers underlined comprise the false negative population 
whereas the numbers in parentheses denote the false positives.
would utilise near visual acuities and would therefore 
identify patients with impaired accommodation as 
having impaired vision and warranting referral. The 
major cause for concern in this series, however, 
centred on 6 patients with peripheral retinal/vitreous 
damage and 6 patients who were found to have angle 
recession. It would appear that, short of carrying out 
prospective examination of such patients, they are 
liable to ‘slip through the net’ of the scoring system 
described because they could only be identified by 
specialised slit-lamp and ophthalmoscopic exami­
nation.
When this system, based on visual acuity changes 
only, is applied to our population of 363 patients it 
gives a sensitivity value of 80% and the categorisation 
of results shown in Table 5 is obtained.
Table 6 shows that the scoring system described 
above results in appropriate referral in the majority 
of cases when the rest of the variables is taken into 
account, although a total of 37 patients (Table 7) 
received scores of 0 or 1 but should have been 
referred and a total of 26 patients received scores of 
5 or more but would not have warranted referral. 
The tests of validity for these scores are as follows:
Sensitivity value=89%
Specificity value=90%
Predictive value of a positive test=92%
Predictive value of a negative test=87%
As shown in Table 7, the patients which this system 
failed to identify as referrals included 5 patients with 
proptosis. However, as in each of these cases the 
visual acuities were not impaired, sight-threatening 
retrobulbar haemorrhage was not implicated and 
referral may not have resulted in any tangible 
benefits for the patients. Four patients with impaired 
accommodation were also missed by this system. 
However, the visual acuities in these patients were 
measured for distance and were normal. The majority 
of bedside examinations by maxillofacial surgeons
Table 7 -  Characteristics of patients whose eye abnormalities 
were falsely predicted not to warrant referral to the ophthalmologist 
(false negatives)
No. of 
cases Eye abnormality Desired outcome
2 Flat retinal hole Early referral
1 Vitreous haemorrhage Early referral
6 Angle recession Early referral
5 Proptosis Early referral
3 Uncomplicated vitreous floater Routine referral
1 Lens damage (traumatic cataract) Routine referral
4 Enophthalmos Routine referral
6 Eyelid laceration Routine referral
2 Nasolacrimal damage Routine referral
4 Moderate/severe failure Routine referral
of accommodation
3 Traumatic pupillary changes Routine referral
37 Patients
DISCUSSION
The scoring system described above is designed to be 
applied at the time the patient first presents and has 
a high predictive accuracy for the patient cohort 
from which it was derived. It requires to be tested 
upon a new group of patients in order to determine 
whether or not the values reported still hold for such 
a group (Al-Qurainy et al. , 1991b). The clinical data 
sheet being employed for this purpose is illustratedin 
Table 8.
The method for constructing the scoring system 
from the selected class of informative predictors is 
undoubtedly informal from a statistical point of 
view. In particular, the application of linear regression
Table 8 -  Scoring sheet used by the maxillofacial surgeon to 
determine which patients with midface injuries warrant referral 
to an ophthalmologist
Clinical feature
Initial
score
Final
score
Visual acuity
6/6 or better 0
6/9-6/12 4
6/18-6/24 8
6/36 or less 12
No light perception 16 ( )
Malar fracture type
Comminuted (VII) 3
Blow-out (V) 3
Otherwise 0 ( )
Motility abnormality
Present (diplopia or squint) 3
Absent 0 ( )
Amnesia
Retrograde + PTA 5
Otherwise 0 ( )
Total score ( )
Consider adding (1) to the final score if one or more of the 
following factors exist and total score is (11):
If sex is female 
If age is 30-39 years 
If cause of injury is RTA
Referral to the ophthalmologist 
If total score= 0-4: Do not refer
= 5-11: Consider routine referral 
= 12+: Consider urgent referral
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analysis to data of this type, using the arbitrary 
scores of 0, 1 or 2 assigned to the three types of 
referral is, in itself, not above criticism. It should be 
emphasised, however, that this technique was used 
here as a ‘stepping stone’ to the scoring system which 
forms the major product of this paper. The scoring 
system itself has been validated legitimately and has 
been identified as being empirically as good as any 
similar system so far evaluated. On the other hand, 
the system is not sacrosanct, in that any of a wide 
class of alternative minor variants perform almost 
as well. We have used a comparatively informal 
approach for the construction of the scoring system 
because of the unwieldy nature of the data and 
partly because regression analysis with an ordered 
categorical response variable (such as the scores 
assigned to the referral type) combined with the 
incorporation of stepwise selection of predictors 
remains a topic of basic statistical research.
The patient cohort upon which this study was 
based does not include individuals with additional 
head injuries warranting neurosurgical admission. 
However, the database upon which the scoring 
system is based is sufficiently broad to ensure its 
reliability. Moreover, it was the ophthalmic outcome 
which determined the general nature of the pre­
dictors which thereby ensures reliability of the 
system when it is applied to different patient groups.
The selection of ‘predictors’ and ‘outcomes’ was 
inevitably empirical as was the selection of referral 
criteria. However, these were discussed with a 
number of maxillofacial surgeons and ophthal­
mologists before being chosen and hopefully provide 
a consensus from both specialties. It may be 
considered that other predictors can be identified 
which will effectively select additional patients for 
referral. Other predictors which were considered, 
and which in isolation were found to have a fair 
predictive value, comprised sex (females were more 
likely to have sustained significant ocular injury than 
males, perhaps because they did not defend them­
selves so well), age (individuals between the ages of 
30-39 years were more likely to have sustained 
ophthalmic injury than in any other age group) and 
road traffic accidents (RTA) (those patients involved 
in RTA were more likely to have sustained ophthalmic 
injuries than from any other cause). However, when 
these predictors were considered within the above 
system they failed to identify any additional indi­
viduals warranting referral.
Holt et al. (1983) classified eye injuries associated 
with facial fractures into three categories, minor or 
temporary, serious and blinding. They defined 
minor injuries as those injuries without permanent, 
visual or physiological sequelae; serious injuries as 
those producing sustained visual loss or adnexal 
sequelae requiring subsequent reconstructive 
measures; and blinding injuries as those resulting in 
either no light perception or loss of the eye. 
Although this classification effectively serves to 
highlight the fact that a large proportion of patients 
with maxillofacial injuries are subject to significant
ocular sequelae, it does not identify those individuals 
for whom an ophthalmic referral may be indicated.
In conclusion, the principal predictor for the 
detection of ophthalmic injury is visual acuity. It is 
therefore of the utmost importance that this para­
meter be assessed in all patients sustaining orbital 
injuries sufficient to cause facial fracture. The 
application of the scoring system described, when 
taken in conjunction with a detailed clinical appraisal 
of the patient, is likely to result in a large proportion 
of ‘appropriate’ referrals to the ophthalmologist and 
will lessen the likelihood of significant ophthalmic 
pathology being missed.
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Midfacial fractures and the eye: the development of a system for detecting 
patients at risk of eye injury— a prospective evaluation
I. A. Al-Qurainy, G. N. Dutton, V. Ilankovan, D. M. Titterington, K. F. Moos, A. El-Attar
Tennent Insitute o f Ophthalmology, Western Infirmary, Department o f Oral and Maxillofacial Surgery, 
Canniesburn Hospital, and Department o f  Statistics, University o f  Glasgow, Glasgow
SUMMARY. Midfacial trauma is often complicated by ocular disorder. A scoring system has been devised to 
help the maxillofacial surgeon identify patients who warrant referral to an ophthalmologist. A prospective pilot 
study was carried out on 100 patients with midfacial fractures to evaluate the effectiveness of this system in 
clinical practice. The sensitivity value was 94.4% and the specificity value was 89%. Only 1 patient, who 
clinically warranted referral to an ophthalmologist, was missed by the system whilst 9 others were incorrectly 
classified as warranting referral. The results of this evaluation demonstrate the competence of the system.
INTRODUCTION
A simple scoring system and chart has been designed 
for the maxillofacial surgeon to determine which 
patients with midfacial injuries warrant referral to an 
ophthalmologist (Al-Qurainy et al., 1991a). The 
sensitivity and specificity of this evaluation system 
approximated to 90% when it was applied to the 
population of 363 patients upon which it was based. 
Clearly, however, this did not provide a reliable 
reflection of the sensitivity and specificity for detec­
tion in further practice, since the system is inevitably 
‘biased’ in favour of the original patients upon whom 
it was based.
In order to determine whether this system is 
applicable and effective in the management of 
patients who sustain midfacial fracture, it was 
essential to carry out a further prospective evaluation 
of the scoring system upon a new cohort of patients.
PATIENTS AND METHODS
Patients
One hundred patients who sustained midfacial 
trauma leading to fracture were assessed. Patients 
with isolated nasal, mandibular or skull fractures 
were not included.
Methods
Patients who attended the maxillofacial unit at 
Canniesburn Hospital for the first time between 
December 1989 and August 1990, with radiologically 
proven midfacial fractures, were assessed at the time 
of initial presentation according to a written protocol. 
Each patient was examined by the attendant 
maxillofacial surgeon and was accorded a score from
which the patients were categorised as requiring 
non-referral, routine referral or early referral. In 
addition, the reason for referral, as elicited by the 
maxillofacial surgeon, was appended to the score 
sheet (Al-Qurainy et al., 1991a).
All patients were then evaluated by an ophthal­
mologist according to the same protocol used for the 
original study (Al-Qurainy et al., 1991b). In brief, 
this comprised an assessment of visual function, 
including the visual acuity as tested on the standard 
or the reduced Snellen’s chart, a detailed evaluation 
of ocular motility including the use of Hess charts, 
pupillary dilatation and examination of the anterior 
and posterior segments of both eyes. Data accruing 
from that examination were then coded according to 
the score sheet appended. The criteria as to what 
ophthalmic conditions warrant referral to an 
ophthalmologist and for what reasons have already 
been described (Al-Qurainy et al., 1991a).
It was essential to ensure that reduced visual 
acuity, when it occurred, was a sequel to the 
midfacial trauma sustained and not to a previous 
ophthalmic disorder such as amblyopia (lazy eye), 
uncorrected errors of refraction (short or long 
sightedness), non-traumatic cataract or previous 
trauma affecting the eye or the visual pathway. 
Similarly, amnesia scored positively only when it 
included both retrograde and post-traumatic loss of 
memory.
RESULTS
A total of 100 patients with radiological evidence of 
midfacial fracture was assessed for the purpose of 
evaluating the validity of the scoring system. Of 
these, 17 patients were correctly identified by the 
system as warranting referral to the ophthalmologist
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(true positive) and another 73 as unlikely to warrant 
such referral (true negative). Nine patients were 
incorrectly identified as requiring referral (false 
positive) whilst only 1 patient was incorrectly classi­
fied as not justifying referral (false negative). The 
tests for validity for these scores are as follows:
Sensitivity value=94-4%
Specificity value=89-0%
Predictive value of a positive test=65-4%
Predictive value of a negative test=98-6%
DISCUSSION
A screening test should provide a good preliminary 
indication of which individuals have the disease and 
which do not (Mausner & Bahn, 1974). This is 
referred to as the validity of the test. Validity has 
two components: sensitivity and specificity. Sensi­
tivity is the ability to identify correctly those who 
have the disease. Specificity is the ability to identify 
correctly those who do not have the disease.
An ideal screening test would be 100% sensitive 
and 100% specific. In practice this does not occur; 
sensitivity and specificity are usually inversely related. 
Naturally, a sensitive test is desired to identify a high 
proportion of those individuals who have the disease 
in question. The results of this pilot study clearly 
demonstrate the high sensitivity of our scoring 
system. This confirms the prediction that the appli­
cation of the scoring system is likely to result in a 
large proportion of ‘appropriate’ referrals to the 
ophthalmologist, thereby lessening the likelihood of 
significant ophthalmic pathology being missed.
Only 1 patient in the series was incorrectly 
identified as not warranting referral (false negative). 
However, his only ocular problem was a 3 mm 
enophthalmos which was unlikely to have led to 
visual complications and would have been dealt with 
by the maxillofacial surgeon in any case.
With a specificity value of less than 100%, 
/inevitably, some ‘inappropriate’ referrals are bound 
to occur. In this study, 9 patients with healthy eyes 
scored 5-10 on the scoring system and, therefore, 
were incorrectly categorised as warranting routine 
referral to the ophthalmologist. Of those, 6 patients 
scored 6 because they had sustained either a blow­
out or a comminuted malar fracture (score=3) 
leading to diplopia or other motility disorder 
(score=3), while 2 others scored 10 because they 
had suffered a temporary mild reduction of visual 
acuity (score=4). The ninth patient scored 5 because 
of the combined type of amnesia he had sustained. 
However, because of the small size of this category 
of patients (1 patient per month in the series) and 
the fact that their scores on the system placed them
on the routine rather than the early list of referrals, 
this improper referral was unlikely to have disturbed 
or overloaded the routine work at the local eye 
clinic. Moreover, it is far better to make a few 
unnecessary referrals than to miss potentially sight 
threatening pathology.
In conclusion, the new scoring system which has 
been devised and tested appears to be efficient 
enough for routine use. It is hoped that maxillofacial 
surgeons will find it helpful in the assessment of their 
patients’ needs, especially when an ophthalmologist 
is not immediately available. The principal predictor 
of an adverse ophthalmic prognosis is impaired 
visual acuity. This study reaffirms the tenet that the 
assessment of acuity, or alternative tests of central 
visual function, should be performed in all patients 
sustaining midfacial fracture.
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SUMMARY
The active and passive behaviour of the extraocular 
muscles can be investigated by the forced duction and 
force generation tests. Review of previous work has high­
lighted the limitations of designs and methods used. A 
quantitative apparatus for carrying out both tests has 
been developed. Stages of development and test procedures 
are described. The test system described provides a 
reliable and acceptable means for carrying out both tests.
Test results from normal eyes fell within a relatively 
narrow range while patients' tests showed that specific 
ocular muscle deficits produced different patterns of 
results falling outside the normal range, and these were 
specific to the underlying pathology.
PREFACE
Part II of this thesis deals with the single subject of 
mechanical assessment of the extraocular muscles. Due to 
the length of the section, and for reasons of clarity and 
convenience, it is presented as five chapters:
Chapter 10: Introduction 
Chapter 11: Aims of Study
Chapter 12: The Development of an Instrument for 
Quantitative Forced Duction and Force 
Generation Tests 
Chapter 13: Results
Chapter 14: Discussion and Conclusions
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CHAPTER 10
M E C H A N IC A L A SSESSM ENT OF T H E  EXTR A O C U LA R  M U S C L E S :  
TH E  FORCED D U C T IO N  AND FORCE G E N E R A T IO N  T E S T S
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10. MECHANICAL ASSESSMENT OF THE EXTRAOCULAR MUSCLES: THE 
FORCED DUCTION AND FORCE GENERATION TESTS
10.1 INTRODUCTION
Facial trauma is often associated with ocular disorder 
(Petro et al, 1979). Frequently, this presents as diplopia 
which is most common with blow-out fractures of the orbit 
(Miller and Tenzel, 1967). It may be due to mechanical 
restriction of an extra-ocular muscle; neurological, due 
to partial or complete damage to the nerve supply; or 
simply due to orbital haemorrhage or oedema (Helveston, 
1977).
Orbital tissue incarceration often causes restriction of 
ocular movements, significant discomfort on attempted 
rotation of the eye, and deviation from the primary 
position. Paresis of an extra-ocular muscle and orbital 
haemorrhage and oedema may produce similar findings 
(Metz et al, 1974). It may therefore be difficult to 
assess the functional status of an extra-ocular muscle 
solely on the clinical findings. The differentiation of 
the contribution of the different causative factors of the 
ophthalmoplegia, would be valuable in planning surgical 
procedures (Yee, 1983).
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Quantitative studies, such as the forced duction and the 
force generation tests, are helpful in detecting mild, 
subclinical impairment of eye movements and in following 
the clinical course of motility disorders, such as cranial 
nerve palsies (Yee, 1983). As mechanical tethering and 
muscle weakness can coexist, investigation of both 
components is needed.
Over the past 20 years, a group of tests has been 
developed which have added to our understanding of 
strabismus and have assisted in formulating a rational 
treatment plan. New instrumentation has helped to quantify 
these procedures for more meaningful analysis. The tests 
include forced duction, active force generation, differen­
tial intraocular pressure, and saccadic velocity studies.
10.2 LITERATURE REVIEW OF THE FORCED DUCTION AND FORCE 
GENERATION TESTS
10.2.1 The Forced Duction Test
Qualitative Evaluation
The forced duction or traction test, first described by 
Wolff (1900) in a patient with Duane's syndrome and then 
by Jaensch (1929), is the primary diagnostic determinant 
of mechanical restriction. The test is based on the quali­
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tative feeling of resistance to passive ocular rotation 
when the examiner grasps the eye at the limbus and rotates 
the globe in the direction of rotational limitation.
Dunnington and Berke (1943) described the forced duction 
test in patients with exophthalmos caused by chronic 
orbital myositis. They indicated that when the test was 
positive, it ruled out paralysis and disclosed the rest­
rictive nature of the limitation of ocular motility.
O'Connor (1943) reported that a positive forced duction 
test indicated the contracture of an extraocular muscle 
following paralysis of its antagonist muscle.
Scobee (1948) also recognised the importance of mechanical 
factors in strabismus in young children. His technique for 
rotating the globe was to place a muscle hook in the 
conjunctival fornix and depress it.
More recently, Goldstein (1964) concluded that the forced 
duction test would indicate the presence of mechanical 
factors in any case of limited ocular rotation. He empha­
sized the need to perform preoperative forced ductions 
where limitation is noted and to perform an intraoperative 
forced duction after the suspected muscle and surrounding 
tissue have been detached from the globe.
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Quantitative Evaluation
Schillinger (1966) was the first to describe an instrument 
to quantitate forced duction measurements. The instrument 
consisted of a spring attached to a hook. The hook was 
connected to sutures sewn through the limbal sclera and 
was used to rotate the globe. Schillinger believed that 
over- and under-corrections in horizontal strabismus sur­
gery could be minimized by balancing the mechanical forces 
necessary to rotate the globe laterally and medially. 
Although this contention has never been proved, this work 
presented an interesting method of quantitating forced 
duction measurements.
Shortly thereafter, Stephens and Reinecke (1967) described 
a more accurate method of quantitating forced ductions. 
They used a Storz perilimbal suction cup on the globe 
attached by means of a silk suture to a small hook on the 
diaphragm of a force-displacement transducer which had 
been calibrated in grams. Following the instillation of a 
local anaesthetic drop, the suction cup with the surgical 
silk is placed on the eye and is connected to 70-80 mmHg 
of negative pressure by means of an aneroid device. A 
Sanborn 150 amplifier and writer was used to obtain perma­
nent records. The transducer was held in such a way that 
a direct pull could be exerted on the cup and eye. This 
was then pulled via the hand held force-transducer until
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the point under observation moved the desired distance of 
0 . 5 cm.
The force required to rotate the normal eye 0.5 cm medial­
ly or laterally from the primary position ranged from 24- 
98g, while a force of over lOOg was required in the 
individuals with restricted eye movements. The working 
angle of the instrument was small and the standard 
deviation of the recordings in normal subjects was large. 
The eye was rotated by a linear rather than a rotational 
movement and the procedure required a significant amount 
of cooperation on the part of the subject which limited 
its use in children.
Robinson et al (1969) and Collins et al (1969) reported on 
quantitative forced duction measurements in strabismus 
patients undergoing surgery under topical anaesthesia. 
They used a strain gauge connected to the lateral rectus 
and then to the orbital tissues through a surgical silk 
thread after both the medial and lateral rectus muscles 
had been detached from the globe. They carried out
measurements on five patients prior to strabismus 
corrective surgery. Stiffness of the orbital tissues to 
rotation was found to be nearly linear and measured 
approximately 0.5g/deg of rotation.
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As this technique was used during surgical management, the 
forces measured were for the detached muscle and under 
anaesthesia.
In Japan, Kaneko and associates (1971) have also devised 
an instrument for quantitative forced ductions. They ana­
lysed the length-tension relationships in normal indi­
viduals and compared this curve with measurements taken in 
patients with mechanical restrictions. A very steep curve 
was found as a result of these mechanical restrictions.
Strachan and associates (1975) described the development 
of an apparatus for measuring muscle forces in strabismus. 
A suction cup without a flange, to reduce slippage, was 
used to fix the globe by applying negative pressure using 
a syringe and a fine polyethylene tube. The forces were 
measured with two strain-gauges which were wired into a 
balanced bridge circuit. The reading from this instrument 
was displayed on a storage oscilloscope. The angular dis­
placement of the eye was measured by using a small pocket 
flashlight attached to the handle of the apparatus with a 
condensing lens in front of it so that the filament of the 
bulb is focussed on a tangent screen to act as a light 
pointer during passive duction testing.
The suction cup is applied to the eye after surface anaes­
thesia is induced. A force generation test is performed by
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asking the patient to make a saccade with the fellow eye 
to a particular point on the tangent screen while holding 
the eye under test in a fixed position. The force duction 
test is performed either with the free eye in the primary 
position or with the muscle under test in a fully relaxed 
state. The rotation of the globe is measured with the 
light pointer on the tangent screen and a reading of the 
force required to displace the globe is taken for each 
point investigated. A graph may be constructed of force 
against displacement. Values of l-1.5g/deg were found for 
horizontal excursions in normal subjects.
The suction device for creation of the negative pressure 
was inadequate and did not have the facility for measure­
ment. The number of normal subjects used to obtain the 
data was not specified, and no patients were studied to 
show the usefulness of the device.
Knox (1974) also described a suction cup device to move 
the eye passively in a desired direction. Topical anaes­
thetic drops were used and the suction cup was placed 
against the eye and held in place by -70 mmHg suction. 
Occasionally, suction was increased to -90 or -100 mmHg in 
an attempt to increase adherence and to move the eye in 
cases of great limitation of movement. Usually this did 
not produce any better movement. At that time, no method 
for quantitating this test had been developed.
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Rosenbaum and Myer (1980) developed a spring gauge device 
which could be utilised for quantitative forced duction 
measurements. The instrument attaches to the limbal con­
junctiva with the end of a self-retaining Pierce forceps. 
This is connected through a lever arm to a spring gauge 
which displays directly the force produced in grams. The 
instrument was easy to use and claimed to be accurate. 
However, the self-retaining forceps will not maintain its 
hold beyond 50g of force, a disadvantage in certain res­
trictive disorders where the tension required to produce 
rotation may be above this level.
Collins et al (1981) utilised a specially instrumented 
forceps to obtain a measurement of force up to llOg and 
forceps-positioned eye displacement up to 20 mm. Semicon­
ductor strain gauges were mounted on the narrow beams of a 
large Pierce straight fixation forceps (Storz Model E 
1942-13). Measurements of the applied forces at right 
angles to the long axis of the forceps were obtained. A 
small microphone with an opening near the tip of the 
forceps detected inaudible sound pulses from an ultrasonic 
source attached to the head of the subject. This ultra­
sonic device served as a sonar system and provided a 
constant indication of the distance between the ultrasonic 
source, which was mounted on the frame of a pair of glass­
es, and the forceps tip. Position accuracy was within +/- 
3% over the range of +/-50 degrees of eye position.
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An X-Y oscilloscope was used to display force as a 
function of eye position. These data were simultaneously 
recorded on a multitrack FM tape recorder for later play­
back on an X-Y chart recorder to provide a permanent 
record. The force and displacement channels of the length- 
tension forceps were zeroed following the instillation of 
topical anaesthetic drops. For a measurement of the 
orbital load due to a temporal rotation, the subject was 
directed to fix the gaze of his right eye on a 30° target 
to the right. The nasal limbus of the left eye was 
grasped with the forceps. The left eye was then slowly 
rotated from its 30° right position temporally to 30° or 
more left and returned to its starting position. This 
slow (10 deg/sec) duction movement resulted in a graphic 
plot of the load (stiffness) characteristics of the left 
ocular motility.
To measure active medial rectus forces, the left eye was 
held steadily in the extreme 50° abducted position while 
the subject tracked a smoothly moving target with his free 
right eye. The target was a small bright red spot projec­
ted from a 0.3 mm helium-neon laser source and was moved 
electronically, at a constant rate of 10 deg/sec, from the 
50° left gaze position to the extreme 50° right gaze posi­
tion and was then returned to the primary position. This 
procedure was performed two or three times. The left eye
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was then released. The forces required for a nasal 
rotation were obtained in a similar fashion.
Forces varied from 0.8 to 1.7g/deg for nasal rotation, and 
0.77 to 1.2g/deg for temporal rotations. The active force 
for the medial rectus at maximum excursion (100 deg) 
ranged between 48 and 103g, while for the lateral rectus 
it was between 45 and 92g. The study measured the stiff­
ness associated with innervated muscles, not passive ones. 
Again, the use of forceps creates trauma. Only linear 
rather than rotational displacement was measured, and it 
is not clear how the authors managed to maintain a steady 
displacement at 10 deg/sec.
More recently, Metz and Cohen (1984) have developed a 
strain gauge force transducer for quantitative forced 
duction measurements during surgery under general 
anaesthesia. A forceps is mounted in a thick plastic 
holder with a stainless steel hook clamped at the flexible 
tipped end. The hook engages a small loop of silk suture 
sewn through partial thickness sclera at the limbus (at 
the 9 and 3 o'clock meridians for horizontal movements and 
at the 12 and 6 o'clock meridians for vertical movements). 
The horizontal or vertical projection of the angular 
rotation is measured by a millimetre scale with the limbus 
as the index of movement. An ink mark on the lid and brow 
is used as a point of reference. The force in grams
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necessary to achieve the movement is read directly from a 
digital readout. The strain gauge force transducer is gas 
sterilised for use in the operating theatre. Tension was 
measured as the globe was rotated horizontally (or
vertically) 3 mm, 5 mm, 8 mm and 10 mm from the resting 
position. Distance was measured visually by aligning the 
limbus with a ruler and three separate trials were made. 
Measurements were made in children and adults who had eye 
surgery other than strabismus repair (cataract, glaucoma, 
nystagmus surgery) to obtain normal values. In strabismus 
patients, measurements were made prior to operation, after 
muscle disinsertion and following a recession or resection 
procedure. The length-tension curve in various restrictive 
problems such as thyroid ophthalmopathy and orbital floor
fracture was steep when compared with that of patients
having non-restrictive types of deviation.
Modification of this equipment using a frame and track has 
led to more accurate measurements of the distance rota­
tion. Computer interface hardware and associated software 
was introduced later. However, this modified instrument 
was bulky and proved more difficult to use.
In the same year, 1984, Miller and Kalina designed a
simple suction cup which allowed convenient and comfort­
able forced duction testing. The device used a small 
rubber suction bulb connected directly to a specially
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designed transparent scleral contact lens which vaulted 
the cornea but was applied firmly at the corneoscleral 
limbus. The suction bulb shaft was angled 20° to avoid 
the orbital rim or the nose.
After instillation of a topical anaesthetic, the eyelids 
are separated and the suction cup is centred over the eye 
with the shaft angled away from the direction of impaired 
duction. While holding the scleral surface of the device 
against the globe with gentle pressure, the examiner 
slowly squeezes and then releases the suction bulb. 
Squeezing the suction bulb releases the vacuum and allows 
removal of the instrument at the end of the test. However, 
there is no control over the amount of negative pressure 
created between the suction cup and the eye. Again, there 
was no quantification in the measurement procedure.
10.2.2 Active Force Generation Test
Review of Past Experience
The forced duction test provides information about mecha­
nical limitations to ocular rotation but not about active 
voluntary forces. Extraocular muscle weakness may be 
inferred when the globe can be rotated significantly 
further by forced duction than by voluntary gaze. 
However, when significant restrictions are present, the
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forced duction test does not assess the innervational 
status of a muscle.
In 1970, Madroszkiewics described the technique of oculo- 
dynamometry, which he introduced in 1952, to measure the 
strength of the extraocular muscles (force generation 
test) under local anaesthesia. Four-muscle-tendon sutures 
are performed and 4 loops, about 2 cm in length each, are 
made. The oculodynamometer is hooked to one of the suture 
loops and held immobile and slightly stretched while the 
eye is in the primary position of gaze. The patient is 
then instructed to try to move his eye to the extreme gaze 
in the direction of action of the muscle in question while 
the dynamometre measures the active forces generated by 
the muscle. The author investigated the contraction of the 
normal active extraocular muscle and recorded the initial 
strength at about 54-55g and the maximum strength at 60- 
61g. In convergent squint, he found a great difference in 
the strength between the medial rectus and its antagonist 
which may reach 20 or more grams. He concluded that it 
was possible to calculate the work performed by normal and 
abnormal muscles. He felt that this was an important aid 
in determining the proper operative therapy of convergent 
strabismus.
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Although the test system was for force generation measure­
ment, it was not comfortable for patients, and did not 
provide a facility to perform the forced duction test.
Scott and associates (1972) described the development of 
load-sensing forceps, which were modified in a manner akin 
to a torque-wrench, for quantitative assessment of the 
active muscle forces which could also be used to quantify 
the forced duction test. The forced duction test was 
performed when the patient1 s eye was in the primary 
position. The eye was grasped by forceps, held perpendi­
cular to the conjunctiva at the limbus, and moved in the 
direction of choice. A ruler, taped near the eye, was used 
to estimate the distance of eye movement in the frontal 
plane. The forceps scale reading was recorded in a 
cassette recorder at each measurement of 1  mm of eye 
movement, and the length and tension subsequently plotted.
For the force generation test, the eye was again grasped 
at the limbus with the forceps held perpendicular to the 
globe. The contralateral eye followed a target presented 
by means of a perimeter to provide an accurate measurement 
of the intended angular rotation. The eye under examin­
ation was restrained from moving and the change in scale 
reading was recorded as a function of position of the 
contralateral eye. The test was performed under topical 
anaesthesia.
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The average resistance to passive rotation was lg/deg 
(range=0.5-1.75g/deg) in normal subjects and in strabismus 
patients without gross restriction. When restriction was 
present, stiffness was measured at between 1.5g/deg and 
5g/deg of passive rotation. Active force generated by 
normal muscles for extreme lateral or vertical gaze ranged 
from 60 to 80g. Supranormal active forces were measured in 
muscles working against restrictions of the antagonist 
muscle as in cases of endocrine exophthalmos and Duane's 
syndrome. Scott suggested that that information was a 
helpful guide in planning strabismus surgery. The 
problems, however, were that the forceps used could cause 
trauma and measuring the displacement with a ruler was not 
an accurate method.
10.2.3 Alternative Methods
Differential Intraocular Pressure
A drawback of the forced duction test in the awake subject 
is that patient cooperation is required as there may be 
minor discomfort with the technique. In addition, without 
quantitative instrumentation, the method is dependant on 
the examiner's experience, interpretation and bias.
Helveston (1980) and Zappia et al (1971) reported on a 
differential intraocular pressure test to overcome these
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difficulties. It was thought that in the presence of 
restriction, the healthy agonist muscle contracted and the 
tight antagonist muscle or the surrounding tissue failed 
to slacken, thus exerting increased pressure on the globe. 
A paralysed muscle fails to move the eye in the intended 
direction when it acts as an agonist, but the intraocular 
pressure remains the same. This pressure was measured 
with the pneumotonometer, comparing measurements made in 
the primary position with those made with the eye attempt­
ing rotation in the vertical gaze at 15° up and 15° down.
The average change in pressure in 54 normal eyes from the 
primary to 15° upward gaze was 0.38 mmHg (SD=+/-0.8 mmHg), 
while from the primary position to downward gaze the 
corresponding values were -0.34 mmHg (SD=+/-0.9 mmHg).
An increase of 3 to 11 mmHg was found in patients with 
orbital myositis, orbital floor fractures with entrapment, 
and thyroid ophthalmoplegia.
Six patients with orbital blow-out fractures, two of them 
with entrapment, had increases of intraocular pressure 
between 7 and 10 mmHg, while four others exhibited 
elevations of up to 3 mmHg. In one third of the eyes of 
patients with thyroid ophthalmoplegia in one eye, which 
clinically had no limitation of motion, the differential
247
intraocular pressure test showed a rise of 3 mmHg or more, 
indicating mild forms of muscle involvement.
The method described was limited to vertical eye movement 
only and was only effective in delineating gross 
restriction. Furthermore, it was difficult to carry out 
the test in infants and young children.
Saccadic Velocity Test
Saccades are rapid eye movements from one fixation point 
to another. This can be horizontal, vertical, or oblique. 
The rectus muscles appear primarily responsible for sacca­
dic eye movements (Scott, 1975).
Electromyographic and mechanical recordings during a 
saccade show a large motor unit input (Robinson, 1969). 
Rectus muscle weakness diminishes this large input result­
ing in a proportionally slower saccade (Metz, 1983). When 
restrictions limit ocular rotation, saccades remain rapid 
(Metz, 1979). This has been shown in thyroid ophthalmo­
pathy (Metz, 1977), orbital floor fracture (Metz et al, 
1974), Brown's syndrome (Metz, 1979) and rectus muscle 
contracture following paresis of the antagonist muscle 
(Metz, 1983).
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Saccadic velocity has been measured as a means of assess­
ing paralysed musculature by Metz (1985) and by Francois 
and Derouk (1955) who were the first to suggest the 
clinical usefulness of the saccadic velocity with regard 
to the severity of muscle paralysis and the recognition of 
the return of function during recovery, Mackensen (1966) 
pointed out similar findings.
Saccadic velocity was measured with electrooculography 
(Metz et alf 1985). Voluntary saccades were made by asking 
the patient to look back and forth between two targets. 
The targets were separated vertically or horizontally at a 
known distance apart, allowing calibration of the eye 
movement recording.
Normal saccadic eye movements at least 20° in amplitude 
having velocities between 200° and 350° per second were 
recorded while reduced amplitude of rotation and a 
corresponding slowness of saccades were noted in patients 
with sixth-nerve paresis and others with third-nerve 
palsy. Patients with inferior rectus muscle palsy were 46% 
to 275% faster for upward saccades than downward saccades 
(Metz, 1980).
Although saccadic velocity measurement was easy to use, it 
did not give an indication about the passive behaviour of 
the globe and the surrounding tissue.
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10.2.4 Summary of Previous Experience
Table 10.1 summarizes the previous investigative attempts 
to quantify the forced duction and force generation tests.
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Sojurce C oupling D evice
M easured
Forces
W olff (1900) - - -
Jaertsch (1929) Forceps - -
Dunnington & Berke (1943) - - -
Scobee (1948) Muscle Hook - -
Goldstein (1964) - - -
Schillinger (1966) Muscle Hook Calibrated spring -
Stephens & Reineck (1967) Contact lens Force displacement 
transducer on a linear 
track.
N: 10-42 
mN/deg 
P.Over 42 
mN/deg
Robinson et al (1967) Contact lens Force transducer N:12 mN/deg
Robinson et al (1969) Suture Force transducer Strabismus 4.9 
mN/deg while 
both recti 
detached.
Madroszkiewicz (1970) Suture Spring + Hook N:589-598 mN 
FGT
Strabismus 785 
mN
Scott et al (1972) Forceps Load sensing forceps + 
Millimetre ruler.
N:5-l7mN/deg
FGT
13.7mN/deg,
P:15-49
mN/deg
Knox (1974) Contact lens - -
Strachan et al (1975) Contact lens Strain gauge mounted on 
a syringe + flashlight on 
the'apparatus handle.
N: 9.8 
mN/deg.
Rosenbaum (1980) Forceps Spring dynamometer N:3-4 mN/deg,
P:7-20
mN/deg.
Table 10,1 Continue 
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Collins et al (1981) Forceps Force transducer on a 
forceps + ultrasound 
transducer.
N:8-17 
mN/deg med, 
7.6-12 mN/deg 
lat. FGT:0.942 
mN/deg med, 
1.049 mN/deg 
lat.
Metz & Cohen (1984) Suture Calibrated forceps + 
millimetre scale.
N:9.81
mN/deg and P: 
14.7 mN/deg. 
while FGT
Miller & Kalina (1984) Contact lens - -
Zappia et al (1971) & llelveston 
(1980)
Contact lens Pneumotonometer.
Metz (1985) Electrodes Electro-Oculography. IR palsy 46- 
275% up faster 
than
downward.
N: Normal control subjects P: Patients
Table 10.1 Previous attempts to develop FDT and FGT equipments.
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11. AIMS OF STUDY
11.1 LIMITATIONS OF PREVIOUS QUANTITATIVE TESTS
The aim of the forced duction test is to determine the 
force required to rotate the eye passively in different 
directions of gaze. This requires a comfortable firm 
attachment to interface the eye with the force sensing 
device.
Review of work in this field has highlighted severe 
limitations with many of the methods previously used. 
Classically, the test is carried out using a pair of 
forceps to grasp the limbal conjunctiva in order to rotate 
the eye away from the direction of function of the muscle 
in question. This procedure is uncomfortable and frequent­
ly leads to subconjunctival haemorrhage or laceration 
(Metz and Cohen, 1984; Collins et al, 1981; Scott et al, 
1972). The use of a self-closing clip (Rosenbaum & Myer, 
1980) is equally harmful. Using surgical sutures instead 
(Madroszkiewics, 1970; Schillinger, 1966) can only be 
performed under general anaesthesia and therefore has its 
limitations.
To overcome this problem, a variety of suction cups were 
devised which can be applied to the anterior surface of 
the globe and maintained in position by creating vacuum in
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between (Robinson, 1975; Strachan et al, 1975; Knox, 1974; 
Stephen & Reinecke, 1967). This method has the advantage 
of firm coupling without the risk of eye trauma. However, 
none of the previous suction cups used was entirely satis­
factory. Miller & Kalina (1984), for example, developed a 
suction cup which was huge and therefore allowed only a 
limited amount of displacement of the eye. Moreover, the 
system for creating, maintaining and monitoring negative 
pressure was not entirely adequate.
Accurate recording of tension and distance of rotation is 
another important point in the development of a reliable 
system. Pulling the eye through a suction cup using a 
surgical suture (Metz, 1985) does not allow accurate 
measurement of the direction or distance of rotation. 
Furthermore, the procedure may inadvertently lead to the 
eye being pushed backwards simulating full rotation by 
retraction. This fact has been noted by other authors who 
emphasised the point that the design of the forced duction 
apparatus should take into consideration the natural arc 
of rotation of the eye (Metz, 1976).
The force generation test poses lesser problems than the 
forced duction test (Scott et al, 1972). Still, accuracy 
cannot be guaranteed with a purely mechanical instrument 
which requires regular calibration against a more reliable 
equipment.
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As the review in the previous chapter shows, most of the 
described techniques and designs were not entirely suc­
cessful in producing painless, accurate and reproducible 
measurements. This was due to the lack of appropriate 
engineering concepts to overcome the obstacles of coupling 
between the eye and the force-sensing device, the rota­
tional eye movement, the anatomical barriers of the brow 
and bridge of the nose, and the achievement of uniformity 
of test speed.
11.2 OBJECTIVES OF THE PRESENT STUDY
On account of the above shortfalls of previous work, it 
was decided to attempt to develop a painless, accurate and 
calibrated equipment which allows these tests to be 
performed as an outpatient procedure both by the ophthal­
mologist and, hopefully, the non-ophthalmologist.
The main objectives of the work described in this chapter 
are:
1. To design an integrated clinical system for quanti­
fication of the forced duction and force generation 
tests , which would:
a. Provide a method of non-traumatic coupling between 
the eye and the force-sensing device which does not
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influence the intraocular pressure to an extent 
which places the eye at risk of acute ocular hyper­
tension,
b. Follow the natural arc of eye movement.
c. Incorporate the facility for measurement in a full 
range of all meridians.
d. Ensure that only the intended (and measured) forces 
are applied to the eye, and with minimum artefact.
e. Allow recordings to be made quickly, both from the 
standpoint of clinical utility and, (with regard to 
the use of the suction cup), to prevent a prolonged 
intraocular pressure rise. A 10-minute limit has 
been recommended (Knox, 1974; Stephen & Reinecke, 
1967).
f. Provide real-time force-rotation measurements to 
give the examiner an immediate indication of the 
success of individual tests as they are performed.
g. Have an on-line recording facility for the collected 
data which can be coded with the subject's details 
and used for comparison/examination on future 
occasions.
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2. To use the equipment to carry out:
a. Pilot studies on normal control subjects to 
establish a database of normal ranges of force- 
displacement response.
b. Investigations which allow comparisons to be made of 
the similarities and differences between normal 
subjects and patients with a range of specific 
abnormalities.
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12. THE DEVELOPMENT OF AN INSTRUMENT FOR QUANTITATIVE 
FORCED DUCTION AND FORCE GENERATION TESTS
The system which has been developed was designed and 
produced in collaboration with Mr M F Al-Hinnawi from the 
department of Bioengineering at Strathclyde University, 
Glasgow. Each component of the prototype design was 
developed as a sequel to observations made at previous 
design stages.
12.1 CONTACT LENS AND VACUUM SYSTEM
The system consisted of a transparent 15 mm suction cup 
contact lens (Storz) with a 5 mm peripheral flange which 
was later reduced to 3 mm to prevent slippage (Fig 12.1). 
To ensure good contact between the lens and the globe and 
to minimize relative slippage, negative pressure between 
the cup and the eye is created via a hollow plastic 
evacuation tube inserted at a 25° angle through the lens. 
Later versions incorporated a hollow central plastic tube 
(Fig 12.2). The tube is connected via a soft Y-shaped 
silicone rubber tube to a 40 ml syringe through a 
reservoir on one end (Fig 12.3) while the other end is 
connected to port B of an electronic strain-gauged 
pressure transducer (SCX DN - Rugby, UK). The pressure 
between the contact lens and the eye can be reduced by 
depressing the plunger of the syringe, and maintained by
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Figure 12.2 The suction cup with a central suction tube: A-stem and
Figure 12.1 The suction cup (contact lens): A-stem, B-suction tube,
suction passage, B-contact lens.
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Figure 12• 3 The pressure reduction system.
inserting a stent in one of the drilled holes in the 
plunger. The pressure is monitored by a digital display 
meter showing the output of the pressure transducer.
To the centre of the convex surface of the suction cup, a 
solid plastic rod which is 30 mm long and 3 mm in diameter 
is glued. This serves to attach the eye indirectly to the 
load measuring device. The length of 30 mm was chosen for 
the attached rod to provide the potential for upward and 
medial rotational forces to be applied over the brow and 
nose respectively.
12.2 PROTOTYPE "A": THE STRAIGHT TRACK DESIGN
12.2.1 Design Description
A force transducer (SMD 0100-2110-10 Suffolk, UK) was 
mounted on carriage (A) (pinion) travelling on a linear 
track (rack) (Fig 12.4). The body of the linear potentio­
meter (B) (LP-20F Midori Precision, Japan) was coupled
with the main body of the rack (C), while the leg of this 
potentiometer (D) was connected to the moving carriage. 
Turning a knob (E) moves the carriage, and hence the 
transducer, along the rack, bringing the leg of the poten­
tiometer with it.
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Figure 12.4 The linear track design: A-carriage on a pinion, B-the 
body of the potentiometer, Othe rack, D-the potentio­
meter leg, E-knob, F-2/0 surgical silk, G-force trans­
ducer*
A 2/0 surgical silk loop (F) was glued to the stem of the 
contact lens and tightened to the tip of the force trans­
ducer (G) at a predetermined point (Fig 12.4). The force 
transducer measures the tension in the silk which has been 
created by pulling the eye.
The equipment was mounted upon a flexible metal bar (H) 
which could be fixed to either of the side bars of the 
slitlamp microscope.
The outputs of the force transducer, via the amplifier, 
and of the potentiometer are transmitted to an X-Y plotter 
(Fig 12.5).
12.2.2 Test Procedure
Following the instillation of a drop of a topical anaes­
thetic (Minims Benoxinate 0.4%, Smith & Nephew), the 
subject rests his chin on the chinrest of the slitlamp 
microscope. The sterile contact lens is then placed on 
the eye and a vacuum is created in between by depressing 
the plunger of the syringe until the desired negative 
pressure of 70-80 mmHg is obtained. The subject is asked 
to look straight ahead at a fixed target with the fellow 
eye.
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Figure 12.5 Diagram of the system's components for 
the linear track design.
When the instrument is correctly aligned with the eye, the 
X-Y plotter is initiated to start recording both compo­
nents of the test from the zero position. Manual rotation 
of the knob E (Fig 12.4) moves the eye in the intended 
direction whilst the plotter records the force- 
displacement curve. The test is repeated 3 times in each 
direction.
All investigations are carried out within ten minutes 
otherwise, the test is discontinued to avoid any potential 
rise of the intraocular pressure (Knox, 1974; Stephens & 
Reineck, 1967). The procedure is terminated by releasing 
the tension on the surgical silk, abolishing the vacuum 
and removing the lens.
12.2.3 Results
Six subjects with normal eyes volunteered for the test. 
The test was carried out and recorded 3 times in each
direction of investigation and an average value of the
three readings was calculated.
The instrument was not successful in rotating the eye 
beyond 2 0 ° of eye rotation due to dislodging of the
contact lens. In many subjects the eye could not be 
rotated more than 4 mm (8-10°). The results were not
reproducible for the three attempts in the same direction
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for the same subject. Forces recorded for rotations 
through 5° were more consistent than others and ranged 
between 150 mN (15g) and 250 mN (25g). Figure 12,6 shows 
the results of three successive tests in the lateral
direction for the only three subjects for whom sufficient
data could be obtained.
It became clear that the angle between the suture and both 
the load cell beam and the stem attached to the contact 
lens could not be maintained at a right angle throughout 
the procedure. This had major effects on the forces
applied to the eye and measured by the load cell. When the 
suture is not perpendicular to the load cell and contact 
lens stem, the force (Fc) measured by the load cell is not 
the force (F) in the suture. There is also an antero­
posterior force component (Fs) applied to the eyeball in 
addition to the desired tangential force (Ft). Figure 12.7 
shows a schematic diagram of the forces produced by 
pulling the eyeball using the linear device.
12.2.4 Criticism of the Design:
The design was unsuccessful in performing adequately the 
forced duction and force generation tests for the follow­
ing reasons:
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Fig 1 2 . 6  Examples of FDT results obtained from control subjects using the 
linear track design in the lateral direction
A) subject AD -note that the repeated recordings are not reproducible and 
that the unloading curves 4-6 are very irregular.
B) Averaged recordings from the 3 normal control subjects upon whom  
sucessfiil recordings could be made.
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Figure 12.7 Shows a schematic diagram of the forces produced by 
pulling the eyeball using the linear track device. Hie system's 
relevant measurements comprise:
r: Hie radius of rotation of the eyeball, usually about 13.5 mm.
L: Distance between the surface of the cornea and the silk
coupling to the stem. It was 6  mm.
1*2} Length of suture coupling between the stem and force transducer. 
6 : Hie measured linear displacement from the primary position.
0: Hie angle of rotation of the eyeball.
Fs: Hie antero-posterior force component applied to the beam.
Ft: Hie tangential force component applied to the beam.
1. Slippage of the contact lens beyond 20° of lateral 
rotation due to the pull of the silk suture. Medial 
rotation was also extremely limited due to the 
interference of the nose with the free movement of 
the suture which also influenced the results 
obtained.
2. The forced duction test was not possible in the 
vertical direction because of the bulk of equipment 
and the inevitable interference of the forehead and 
cheek with the smooth movements of the silk suture.
3. The track was linear while the eye rotates around 
its centre of rotation. Hence, the force applied to 
the eye and measured by the load cell was not the 
required tangential force. There was an additional 
axial force component (Fg) which tended to pull the 
globe out of the orbit, thereby stretching the 
muscles rather than producing natural eye movements.
4. The relationship between the linear displacement of 
the potentiometer and the rotational displacement of 
the eye was not linear.
5. It was impossible to perform the force generation 
test on the tested muscle since this required re-
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orientation of the device, during the procedure, as 
it became close to the nose or the eyebrow.
12.3 PROTOTYPE "B": THE ROTATIONAL DESIGN
12.3.1 Design Description:
Since eye movements are rotational, the concept of design 
moved towards building an instrument which produces this 
displacement.
The rotational design (Fig 12.8) comprised a rectangular 
metal base (1), 3 x 1 3 x 1  cm in dimension, which rotated 
around a shaft axis (2) fitted at the end of this base by 
means of a roller bearing. In order to measure the rota­
tion of the device, a disc gear (3) was mounted on top of 
the fixed shaft (2) to transfer the rotation to a second 
gear (4) which was fixed on the shaft of the potentiometer 
(5). The force transducer (6) was mounted on the other 
side of the metal base by means of another shaft (7). 
Rotation of the shaft (7) causes rotation of the base (1) 
around shaft (2). This results in rotation of the gear 
(4) which is coupled with the gear wheel (3). The suction 
cup was coupled to the force sensor by a piece of 2/0 sur­
gical silk glued to the stem of the suction cup and fixed 
onto the tip of the force transducer. The outputs of the
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Figure 12.8 The rotational system 
metal base 2- fixed shaft 3- disc gear 4- 
5- potentiometer 
6 - force transducer 7- shaft
force sensor and rotational potentiometer were again 
recorded on a Y-X plotter (Fig 12.5).
The distance from the tip of the force transducer, where 
the surgical silk was coupled, to the centre of rotation 
of the instrument was equal to the radius of rotation of 
the eye and the length of the stem (Fig 12.9).
BG = BH = AC = AD = r+L where:
r = the distance between the centre of rotation of 
the eyeball and the cornea.
L = the length of the stem where the surgical silk 
attached to the load cell is coupled to.
12.3.2 Test Procedure
The test procedure was similar to that of the previous 
design except for setting up and aligning the test device 
with the centre of rotation of the eye. The vertical 
planes passing through the rotational centre of the fixed 
shaft (2 ) and the tip of the beam (6 ) were orthogonal with 
the one passing through the axis of horizontal rotation of 
the eye (A) and (B) (Fig 12.9). Both vertical planes 
passing through BG and AC were parallel.
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Figure 1 2 .9  S ch em atic  d ia g ra m  o f  th e  fo rc e s  c re a te d  b y  th e  r o t a t io n a l  
d e s i g n .
12.3.3 Results
Nine subjects with normal eyes were tested. It was pos­
sible to carry out forced duction tests for 25° of lateral 
rotation without dislodging the lens. In one case, it was 
possible to perform the FDT through 45° of lateral 
rotation. Medial rotation was attempted on five subjects, 
and could not be achieved beyond 5° because of the inter­
ference of the nose with the silk suture coupling the stem 
and force transducer. The mean value of three readings in 
each tested direction was calculated (Fig 12.10). Forces 
necessary to rotate the eye through 5° of rotation ranged 
between 75 and 150 mN (7.5-15g) and were smaller than 
those needed in the previous design (250 mN=25g). A degree 
of reproducibility of data could be obtained from the same 
subject. Again, the angle between the silk suture and 
both the load beam and the stem did not remain at right 
angle.
12.3.4 Criticism of the Design
1. Although this design took into consideration the 
rotational nature of the eye movement and measured 
the angle of rotation with the rotational potentio­
meter, the resultant data continued to represent a 
combination of two components: the tangential force 
and an unwanted antero-posterior force. However, in
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this design, the value of the antero-posterior force 
was reduced by following the natural arc of eye 
movement•
2. Alignment of the device with the centre of rotation 
of the eye was difficult and time consuming.
3. It was difficult to measure accurately vertical and 
medial forces due to the bulk of the instrument
which interfered with proper orientation.
4. The force generation test could not be performed in 
medial rotation due to the limitation imposed by the 
nose.
12.3.5 Recommendations
The rotational device was clearly an improvement on the 
linear mode allowing greater angles of rotation and 
reducing the risk of conjunctival trauma. However,
critical evaluation of the results of the force analysis
suggests that major defects still existed which could be
overcome with design improvement. The first improvement 
would be the application of a force which would continu­
ously be tangential to the arc of eyeball rotation. In 
addition, the coupling mechanism required some improve­
ment. The silk suture could only transmit tensile forces,
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buckling when compressive forces were applied. Moreover, 
the attachment of the silk to the load cell and coupling 
rod was a delicate and time consuming operation.
Following the unsatisfactory outcome of the previous 
designs, the next step towards a new design was to take 
the following additional important factors into 
consideration:
1. The rotational movements of the eyeball obtained 
with the second prototype should be retained.
2. The placement of the force-transducer in the same 
vertical and transverse planes of eyeball rotation.
3. To enable the previous condition to be fulfilled, 
the coupling between the eyeball and the force- 
transducer should not restrain the eye from its 
natural forward and backward movement during the 
course of rotation (translation).
4. Align the centre of the measuring device to coincide 
with the centre of rotation of the eyeball.
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12.4 PROTOTYPE "C": THE MANUAL CIRCULAR TRACK DESIGN
Although the modifications required to improve the test 
system in order to allow the coincidence of the centres of 
rotation of the test system and the eyeball appear to be 
modest, their implementation necessitated a complete 
redesign of the test apparatus.
12.4.1 Design Description
(a) Theoretical Concept
The new design had to solve several technical problems. 
The theoretical concept, which is illustrated in Figure 
1 2 .1 1 , is to design a track for the equipment to move 
along which is parallel to the eye movement in all 
directions of gaze. Such a track should essentially be 
circular. movement of the corneal apex would make an 
inner circle, the centre of which is the centre of 
rotation of the eye under examination. The radius of the 
outer circle (circular track) will equal the sum of the 
radius of the eye, the contact lens stem and the length of 
the force-transducer beam. This required the coupling 
between the load cell tip and the contact lens stem to 
allow slight antero-posterior movement while keeping the 
displacement-force applied to the eye tangentially. In 
addition, it was necessary for the device to be capable of
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Figure 12.11 The simulation diagram of the circular track device.
carrying out the FDT and FGT in all four main directions 
of gaze without major manipulations. These requirements 
could not be met by using a thread coupling.
(b) Mechanics of the Design
The angular displacement of the eye (via the contact lens 
stem) was produced by moving the "displacement and force- 
measuring" system, which is mounted on a carriage (B), on 
the upper section of a circular track (C) (Fig 12.12). The 
centre of curvature being located at the nominal centre of 
rotation of the eyeball. This track has a diameter of 
25 cm and forms a 130° circular arc which allows it to 
clear both sides without touching the face. Movement of a 
carriage mounted on this track was produced by a manual 
handle (D) which could be easily and freely rotated in 
both directions. It comprised a 12 mm radius pinion 
geared to the reciprocal rack machined into the track. 
Moving the carriage led to the rotation of a 25 mm radius 
gear coupled with the gear (E) of the pinion and mounted 
on the shaft of the rotational potentiometer (F) (RS 173- 
388, UK). Forces applied to the eye were measured by the 
bilateral force-transducer (G).
The use of a surgical silk loop to couple the force-trans­
ducer to the contact lens stem proved to be impractical 
because of the error it created on the antero-posterior
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Figure 12.12 The manual circular design. A: metal clamp, B: carriage, 
C: track, D: manual handle, E: gear, F: potentiometer, 
G: force transducer, H: fork.
vector and was also time consuming. It was therefore 
abandoned. Instead, the stem of the contact lens was 
coupled to the test device by a U-shaped aluminum fork (H) 
fitted on the tip of the force-transducer (Fig 12.13). 
The fork was coupled to the stem at a fixed point 25.5 mm 
in front of the nominal centre of rotation of the eye to 
align the centres of rotation of the eye and the curved 
track. The fork was designed with a non-parallel walled 
slits into which the stem fits. This allowed lateral 
movement but did not restrain the small antero-posterior 
movement of the eye which occurs during rotation nor did 
it produce additional strain on the contact lens which 
might otherwise dislodged it.
The force at the tip of the force transducer was measured 
and the rotational force, as on the surface of the eye, 
was obtained. The strain gauge beam was chosen to be 
stiff with minimal distortion at the loads measured.
In the case of displacement of the stem within the fork, a 
correction factor was introduced to the data to take into 
account the difference in length of the arm of the force.
Both ocular distortion and lateral translation of the 
contact lens could have contributed an error to the 
recordings. Eight video recordings were made to look for 
evidence of lateral translation but none was observed.
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Figure 12.13 The fork design 
A)- frontal view B)- plane view. 
( all dimension in mm)
Distortion was not sought but should be considered in 
future studies.
The system was mounted on a metal stand with a metal clamp 
(A), holding the system through a shaft welded to the 
bottom track. Vertical or horizontal orientation of the 
track was brought about by releasing a control screw in 
the clamp and rotating the device. In addition, the slit- 
lamp microscope table was fitted with a four-sided rect­
angular wooden base which prevented slippage of the 
instrument from the rimmed table and allowed rapid 
reorientation of the system for other meridians of 
investigation.
In addition to the mechanical improvement, the signal 
recovery and recording were improved by replacing the X-Y 
plotter with a personal computer containing an analogue to 
digital conversion interface.
(c) Signal Recovery and Recording
The output from both the force and displacement trans­
ducers was digitized through a PC26 12 bit ADC Board 
(Amplicon Liveline Ltd) and sampled and recorded on a 
microcomputer (Compaq Computer Corporation) at a frequency 
of 50 Hz for the forced duction test and 100 Hz for the 
force generation test. The force-displacement curve was
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displayed in realtime to give the examiner an immediate
indication of the success of the test or the need to
repeat it,
(d) Test Procedure
Following instillation of a topical anaesthetic drop, the 
intraocular pressure is measured, the suction cup is fit­
ted, a 70-80 mmHg pressure reduction is applied, and the 
subject is instructed to rest his chin on the chin rest as 
previously described. The instrument is appropriately 
orientated for the eye to be tested and the software is 
loaded on the computer for data collection and display. 
The stem of the contact lens is located in the fork of the 
strain gauge beam at a fixed point on the stem. The sub­
ject is asked to maintain his eyes in the primary position 
of gaze by fixing a target with the fellow eye.
The test is initiated by activating the data-collection 
program by a keyboard entry. During the FDT, the subject 
is instructed not to make any active eye movements. 
Duction is produced by manual movement of the load cell
carrier on the curved track. The carriage is driven to
its maximum excursion in the chosen direction; put into 
reverse and driven back to the resting position. The 
procedure is repeated three times on each occasion.
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The FGT is carried out by locking the carriage in the
central position to restrain eye movement while the fellow 
eye follows a moving target to a designated angle of
rotation (35° horizontally, and 30° vertically) in the 
direction of function of the muscle in question and back 
to the central position of gaze. An extended Bjerrum 
screen at 2 -metre distance is used to measure the angle of 
rotation. The test is repeated four times in each
direction.
Following successful completion of both tests in the hori­
zontal meridian, the contact lens stem is released from 
the fork, the track is rotated through a right angle and 
the test procedure is repeated in the vertical meridian. 
This time, the subject's lids are drawn apart by the 
examiner's fingers to allow free and wide range of
rotation to be obtained. The contact lens (suction cup) 
is then removed and the intraocular pressure is measured 
and recorded. All tests are completed within ten minutes 
of the application of the contact lens. Only one eye is 
tested at each experimental session.
12.4.2 Results
Fifteen normal control subjects were evaluated. Figure 
12.14 shows the initial collected data which can be 
compared with those obtained from the rotational design
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"Prototype B" (Fig 12.10). The force required to rotate 
the eye 35° was only 260 mN (26g) compared with 470 mN 
(47g) recorded by the rotational instrument.
The close agreement of the test results from the normal 
subjects was encouraging. More consistent results were 
obtained by the use of the circular system (Fig 12.14) 
compared to the poorly reproducible results obtained by 
the two previous devices (Fig 12.6 and Fig 12.10).
12.4.3 Criticism and Recommendations
It was difficult to move the carriage in the curved track 
at a uniform speed. This resulted in a slightly irregular 
force/displacement trace and a large standard deviation 
for the FDT data. A final improvement was made, incorpo­
rating a motor drive to replace the manual drive.
12.5 PROTOTYPE "D"s THE MOTORISED CIRCULAR TRACK DESIGN
A main objective was to choose the ideal speed of eye 
rotation that generated a linear force-rotation curve. 
This choice was made by examining the previous test 
results, manually selecting the parts of graphs which 
displayed smoothness and calculating the rotational 
velocities which had produced these regular and smooth 
data •
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Fig 12.14 Samples o f control data obtained using the circular design for the 
lateral FDT A) subject LC showing the reproducability in both loading and 
unloading curves B) three subjects.
The selected speed was 10 deg/s. This speed also ensured 
that the test could be completed within the allotted time.
12.5.1 Choice of Motor
Driving the carriage at a fixed speed required the use of 
a DC motor of sufficient torque. The moment of the motor 
needed to drive the carriage (M) was the sum of the moment 
required to overcome the carriage gearing resistance and 
the moment needed to rotate the eye in the worst situation 
(ie against high resistance).
MtP ta la ^ m A ^ ^ \D b 3 C4 g e sr te  ( 1 2 - 1 )
To rotate the carriage, a force of 981 mN (lOOg) with a 
moment arm of 5 cm was required. The maximum force req­
uired to rotate the eye was estimated to be 1962 mN (200g) 
with a moment arm, from the motor shaft, of 9 cm (Fig 
12.15).
The DC motor and the gear box weighed 300g (2943 mN) and 
had a 3 cm arm. Utilising the previous equation:
Mtotal=^2gxjage+FiiBss* 1+Fe^e*Ll  ( 1 2 - 2 )
Mtotal=(981x5) + (2943x3) + (1962x9)=31392 mN.cm
=0.314N.M (12-3)
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Figure 12.15 Moments analysis diagram.
A 12V DC servo motor (RS 336-292 1990, UK), which had the 
following specifications, was selected:
No-load speed 7400 rpm or 123,3 rps 
Stall torque 8 . 8  mN.m
Power output 1.7 W
A reduction gearbox was required to bring the motor stall 
torque to above the total machine torque, the reduction 
factor Z, being at least:
0.314
Z=----- -=35.7 (12-4)
88*10
Multiplying the reduction factor Z by a safety factor of 3 
gives a value of 107. This means that the DC motor would 
be able to handle the highest possible weight without 
reaching its stall torque with a safety factor of 3. Since 
the available reduction gearbox was 160:1 (RS 336-264 
1900, UK), this increases the safety factor to 4.5.
To find out whether the selected 12V DC motor would supply 
the carriage with the required speed ( 1 0  deg/s or higher), 
the output speed on the carriage shaft after passing the 
reduction gearbox was calculated:
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123.3
 =0.7706 rps
160
(12-5)
In an ideal condition, this will drive the carriage on the 
circular track relative to the diameter of the gear 
mounted on this shaft at 58.12 mm/s, which is equivalent 
to 29 deg/s. However, this speed is theoretical. The 
expected speed is lower, depending on the friction and 
backlash between the gears and other causes of resistance.
Two electrical microswitches (H) were mounted on both ends 
of the carriage and connected to the remote system drive 
control box of the motor to protect it from being over­
loaded as it arrived to either end of the track (Fig 
12.16A). When the carriage reaches one end of the track 
or another, it hits one of the two microswitches which 
automatically cuts off the power supply to the motor 
(Fig 12.16B). A small switch on the remote control box 
reconnects the power supply and initiates the carriage 
movement in the opposite direction.
12.5.2 Test Protocol
The smoother force/rotation curves showed that repeated 
extension cycling led to a progressive change in response 
with repeated rotation cycling (Fig 12.17). Higher forces 
were required to rotate the eye in the first cycle than
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AFigure 12.16 The motorised circular system.
A: Close view of the microswitches on the carriage, 
B: Plane view of the system.
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Fig 12.17 FDT result for normal subject on medial direction sh o w in g  
p rogressive change in response A) First cycle which is different from the 
fo llo w in g  3 cyc les.
the following cycles. This preconditioning is a feature 
of all soft body tissues (Zajac, 1989). The presence of 
preconditioning suggested that it would be best if the FDT 
was carried out by cycling the rotation repeatedly between 
the primary position and maximum angle of excursion in the 
direction of choice. This would be followed by the same 
procedure in the opposite direction on the same meridian 
and by the FGT thereafter. A standard record form 
(Appendix 5) was completed for each subject.
12.5.3 Data Handling
The test system (Fig 12.18) is composed of three parts: 
the mechanical test apparatus, the hardware (computer and 
electronic components) and the software. A major task was 
to build up a network of communication between the 
different components to establish a realtime data collec­
tion and display. This required a knowledge of frequency 
and noise characteristics of the signal, and writing of a 
suitable software.
12.5.4 Sampling Frequency
A Nyquist criterion is that the sampling frequency should 
be equal to or greater than twice the highest frequency 
components of the original signal (Malmstadt et al, 1981). 
An analysis of the frequency spectrum of the signal was
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Figure 12.18 Diagram of the different components of
the circualr system
carried out to detect the highest frequency component in 
order to decide the sampling frequency. There were three 
output signals to be sampled: force and displacement for 
the FDT, and force alone for the FGT. The output signals 
for both tests were recorded at the frequency of 2 kHz. 
The frequency spectrum recorded signals were then obtained 
using the hypersignal (Hyperception Dallas, USA) package.
Analysis of the displacement signal for the FDT showed the 
highest frequency component to be 2 Hz (Fig 12.19A), while 
for the force transducer components it was up to 12 Hz 
(Fig 12.19B). Hence, the recommended sampling frequency 
according to Nyquist should not be less than 24 Hz. In 
practice, 50 Hz was used. The FGT signal (Fig 12.19C) 
showed signal frequency components of up to 20 Hz which 
means, again according to Nyquist, a recommended frequency 
of at least 40 Hz. In practice, 100 Hz was used.
The sampling frequency of 50 Hz, which was selected to be 
used in the FDT data collection, was influenced by two 
factors:
1. The Nyquist theory, previously mentioned.
2. The fact that the highest possible frequency to be 
used in this process was 50 Hz. This is because of 
the length of time analogue to digital conversion 
takes 40 microsecond, multiarithmetic procedures
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which convert the collected data to a form of 
force (mN) and rotation (Deg), and the realtime 
plotting data after multiplication by the plotting 
factors.
12.5.5 Handling the Collected Data
Suitable software programs were written in Turbo Pascal 
version 4 language (Borland, UK). Such a program receives 
signals from the force-transducer and the potentiometer 
through the analogue to digital conversion card to the 
Compaq computer.
The data collection software is composed of two parts:
1. The main program body (Sunday.pas).
2. An interaction unit saved in another file 
(Sunday1 .inc) composed of multi-procedures.
Running the main program will load the unit Sunday 1. inc 
which is already compiled as a low-level language to faci­
litate quicker performance. This arrangement is useful 
for saving a large amount of RAM (Random Access Memory) of 
the computer which will be available for data storage.
The program runs through different stages (Fig 12.20) and 
the menu offers six choices:
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Figure 12.20 Flow chart of the data collection 
program Sunday1.pas
1. Collect data for the FDT.
2. Plot existing data for the FDT.
3. Collect personal details about the subject.
4. Collect data for the FGT.
5. Plot existing data for the FGT.
6 . Stop running the program.
The choices are selected from the menu by typing the 
required number which will replace the displayed screen 
with another appropriate to the option selected.
Selecting choice (1) will prompt a second screen menu to 
fill in with the basic data on the file-code: eye to be 
tested and the direction of rotation. It will also set up 
the sampling rate to 50 Hz. Following that, the user will 
receive a third screen displaying plotted axes of force 
versus angle and a prompt to press "G" to start collecting 
test data.
Pressing "G" starts data collection and plotting, in real 
time, the force-angle curve and assigning the data to a 
two dimensional array. Depending on the quality and 
reproducibility of curve obtained, the user may chose to 
save the data on file under the subject's name and 
extension .FDT or to re-collect data if there is evidence 
of active resistance or assistance from the patient.
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Selecting to restart collecting data will take the program 
one stage back while saving the data to file will take the 
program to the intermediate stage where the menu of six 
choices is re-displayed.
Choice number (2) gives the examiner the opportunity to 
view previously collected data for the FDT following which 
he will be taken back to the main menu.
Choice number (3) is about collecting personal details. 
Having filled all these details, the file is saved under 
the patient's name and extension .PER.
Choice number (4) is about collecting data for the FGT and 
is similar to choice (1). However, the sampling rate is 
set to 100 Hz rather than 50 Hz.
Similarly, Choice number (5) is the FGT analogue to the 
FDT choice number (2) while choice number (6 ) switches off 
the program (software) and takes the computer back to the 
main operating system (MS-DOS).
Collecting and displaying data for either test goes 
through three stages (Fig 12.21):
Stage 1: Data are collected for the first 20 samples 
before averaging the values obtained, thus
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Figure 12.21 Flow chart of the stage A in figure 1 2 .
providing a baseline for both force and displace­
ment •
Stage 2: Actual test starts. The differences between the 
test and baseline values are computed and then 
multiplied by the calibration factor. This con­
verts the voltage values into displacement and 
force which are assigned to the two dimensional 
array of displacement and force.
Stage 3: Values for the force and displacement are multi­
plied by the drawing scale factor for screen 
plotting. For the FGT, only the force array is 
required.
12.5.6 Filtering the Data
Output signals commonly contain "noise”, which can often 
be reduced by filtering.
It is essential to know the magnitude of noise compared to 
the original signal in order to decide if filtering is 
required and to determine the choice of digital or 
analogue filtering.
To evaluate the magnitude of noise, the baseline output of 
the two channels, force and displacement, were connected
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to an oscilloscope and displayed on the screen. The dis­
played 50 Hz noise had a magnitude of 5 mV. The maximum 
output signal during tests was 560 mV. Hence, the signal 
to noise ratio (S/N) was:
S 560
-=2 Ologj0 --=41 dB (Malmstadt et al, 1981) (12-6)
N 5
Starting the motor drive increased the noise to 15 mV, 
giving a signal noise ratio of:
S 560
-=201og-j£)--=31.44 dB (12-7)
N 15
The best and only solution in this case was to introduce 
an analogue filter (first order active - low pass filter) 
with 20 Hz cutoff frequency. Figure 12.22 shows the 
circuit design for this analogue filter which eliminated 
the undesirable signal above 20 Hz.
Further measurements of noise following the introduction 
of the filter showed that noise level was 1 mV under base­
line conditions giving a value of:
S 560
-=201og] 0--=55 dB (12-8)
N 1
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Figure 12.22 Circuit design for the first order active-low pass 
analogue filter with 20 Hz cutoff frequency which 
eliminated undesirable signals above 20 Hz.
A useful improvement on the previous value of 41 dB (Eq 
12-6). A similar improvement was obtained with the FGT 
signal•
With the active motor drive, the new noise level was 3 mV, 
bringing the signal to noise ratio to a value of 45 dB 
compared to the previous value of 31,44 dB.
12.6 SIMULATION AND VALIDATION
The function of the test apparatus was the measurement of 
the load-extension behaviour of the extraocular muscles. 
Although reliable experimental results were obtained, the 
validation of the instrument required it to be used on a 
test system with known properties. This could only be 
done by simulation which required the production of a 
suitable analogue which had a fixed centre of rotation and 
contained an element of known mechanical properties.
12.6.1 Simulation Prototype
The simulation design (Fig 12.23)) consisted of a 25 mm 
diameter plastic ball (D) mounted on top of a shaft (A). 
Roller bearing (B) defined the centre of the rotation of 
the ball. The.device was fixed on an aluminum L-shaped 
base (C). Two metal pins were fixed to the ball, at a 
right angle, in the horizontal mid transverse plane. A
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Figure 12.23 Lateral and frontal views of the simulation system which 
comprises of: A: shaft, B: roller bearing, C: base, D: plastic ball, 
E: hook-carrier plate and F: spring.
carrier plate (E) supported one end of a linear extensible 
helical spring, the other end of which engaged one of the 
pins on the ball at a right angle. Rotation of the ball 
by the other pin extends the spring. The spring produces 
a force which results from the rotation of the ball, and 
both the force and rotation could be measured by the cir­
cular system. Figure 12.24 shows a schematic diagram of 
the forces and geometry of the simulation prototype. 
Applying slow speeds to rotate the ball made it possible 
to ignore inertia and consider moments only.
12.6.2 Testing Procedure
The load-extension characteristic of the helical spring 
used in the analogue was evaluated using an Instron 4505 
tensile test machine.
A 10 N load cell was mounted on the machine. The spring 
was clamped between an upper grip connected to the load 
cell via a universal joint, and a lower grip connected to 
the moving cross bar. The spring was extended at a 
constant rate of 5.7 mm/s (equivalent to 16.7 deg/s).
The test starts by initiating the computer which drives 
the Instron machine to extend the spring for a maximum 
extension of 10 mm and back to the initial position. This
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Figure 12.24 A: Plane diagram of the simulation components.
B: Force diagram of the simulation system.
CArCENR^  Radius of the plastic ball.
AB & DE Lengths of the two metal pins.
H Fixation point of spring on base.
HB Initial length of the spring.
Applying slow speeds to rotate the ball makes it possible to ignore 
inertia effects and consider moments only.
procedure was repeated three times. An extension-load 
chart was obtained for each cycle from an HP plotter.
The friction in the roller bearing of the analogue was 
then evaluated. The axes of rotation of the eye test 
device and the analogue were made coincident, and the rod 
ED located in the fork at the end of the load cell of the 
test device. The carriage motor was then started and the 
load-rotation behaviour of the spring free analogue deter­
mined. The ball was rotated to maximum excursion and back 
to the zero position. This procedure was repeated three 
times.
The spring was then coupled to the rod AB and the carriage 
motor started, rotating the ball to the maximum excursion 
short of the spring contacting the ball, and back to the 
initial position. Again, this procedure was repeated 
three times.
The average of the three trials was taken and frictional 
forces were subtracted from the total forces required to 
rotate the ball while the spring was coupled. The output 
was processed by a Turbo Pascal Programme (Simulation.Pas) 
which was especially written to refer the measured forces 
to the real internal spring forces.
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12.6.3 Results and Analysis
The data obtained from both tests were plotted and the 
force-angle (of rotation) curves were obtained (Fig 
12.25). The curve regression equation for the result of 
testing the spring by the Instron machine was of the shape 
of:
Force (mN)= 4.31+7.2 * Extension (mm) (12-9)
While the results of the three trials were combined 
together in one file and the regression equation obtained 
which was:
Force (mN)= 4.37+7.28 * Extension (mm) (12-10)
The differences between the regression equations of the 
Instron measurements and those of the tested machine were 
studied and the mean difference was found to be 0.4g force 
(4 mN). when both data obtained were regressed against 
each other the resulting regression equation was:
Instron = 0.095+0.987 * Design (12-11)
As noticed, the slope is 0.987 indicating that the data is 
almost identical.
291
A)
— M |i tana
-+- U* Ml * l ^ t M
Forc« (mH)
eoo
too
0 64 « 102
Extension (mm)
B)
+- l*M *
Fore* (mN)
BOO
400
too
Extension (mm)
C)
Dm Io i ......  Frlatlon Instron
- +  Low 96% High 96%
Force (mN)
900
600
300
Extension (mm)
Figure 12.25 Results of the spring measurement by the Instron machine 
with their 95% range compared to the ones obtained by the use of the 
simulation prototype and the circular system. A) and B) show the 
resultant measured force after accounting for friction, while C) 
shows all force components including the friction forces (note that 
these forces are still within the 95% confidence limits).
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13. RESULTS
The design of the force(d) duction/generation apparatus 
went through a number of stages which took into consider­
ation the different anatomical and physiological features 
of the eye and its adnexae.
The objective of the project was to design and construct a 
system which is accurate and practical for clinical use. 
The design progressed from a simple manual system on a 
linear track to a motorised arc-based system on a circular 
track (Chapter 12). This improvement in the design has led 
to a greater reproducibility and acceptability of the 
measurements•
This chapter gives details of the results of the studies 
of normal subjects for both the manual and motor driven 
version of the circular track design. The data presented 
has been corrected for changes in the length of the 
coupling system, which arose from minor mismatches between 
the centres of rotation of the track and of the eye.
Examples are then given of the results obtained, using the 
motorised system, from patients with different motility 
abnormalities•
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The patients with orbital bone fracture investigated were 
classified into three different groups according to the 
main cause of their motility disorder:
1. Muscle or other soft tissue entrapment.
2. Muscle bruising/haematoma•
3. Muscle palsy consequent to damage to the nerve 
supply.
13.1 RESULTS FROM NORMAL SUBJECTS
13.1.1 The Manual System
Fifteen normal subjects, 10 male and 5 female, who had 
neither undergone eye surgery nor had defects in ocular 
motility, volunteered for the test. They were aged between 
16 and 65 years. Either the right or the left eye was 
investigated according to the subject's preference. For 
those subjects who did not express a preference, the 
choice of the eye was made in such a way as to yield the 
same number of right or left eyes.
Hysteresis was noticed in all recordings.
Smoothness of the force-rotation curve was dependent on 
the speed at which the carriage was driven, the higher the 
speed the smoother the curve obtained. Figure 13.1 shows
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Figure 13.1 . Lateral FDT results for control subject
by the use:
A)- Manual system B) - Motorised system
the test results obtained manually (13.1A) and using the 
motor driven system (13.IB) for the same subject.
The irregularity of the recording shown in figure 13.1A 
was due to the variation in the speed of rotation using a 
manual technique, perhaps combined with the phenomenon of 
damping, which can be expected to be strongly influenced 
by the speed of rotation. In contrast, figure 13.IB shows 
the force-rotation curve obtained by pulling the eye late­
rally at a constant speed of 16.7°/s (section 12.5). The 
curve is much smoother because of the uniform speed which 
was constantly in excess of the resistance engendered by 
damping•
The force-rotation characteristics obtained for each sub­
ject depended on the direction of rotation. In the lateral 
direction, reproducible results were obtained for up to 
30°, but only up to 25° in the other test directions. For 
large rotations, the forces were variable and not 
reproducible.
A database of normal-subjects test-results was established 
to use for comparison with patient's test results. The 
mean value of force (x) and the 95% confidence limits were 
calculated for increments of rotation of 5 degrees. The 
confidence limits were calculated from the following 
equation (Eason et al, 1980):
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Confidence limits « x +/- t,T(0.025)s (13-1)
7n
where tv(0.025) is the t distribution at 95% for v degrees 
of freedom, (s) the standard deviation and (n) the number 
of data points. The resulting mean values and confidence 
limits are tabulated for increasing rotation for all prin­
cipal directions in Table 13.1 and shown in figure 13.2. 
The relationship between angular displacement and the 
force produced was almost linear.
13.1.2 The Motorised System
Data was obtained from 18 normal subjects, 14 male and 4 
female. The same rules for eye selection were applied as 
previously described (section 13.1.1). The mean values and 
confidence limits are listed in Table 13.2 and shown in 
figure 13.3. The relationship between angular displacement 
and the force produced was, once again almost linear.
The responses in all control subjects showed evidence of 
preconditioning in that the first displacement always req­
uired a greater force for a specific angular displacement 
than did the next three recordings. Hysteresis was a 
feature of all recordings (Fig 13.4), in that the forces 
obtained during the unloading phase of each recording were
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Direction Angle
(Deg)
Mean
f o r c e
X
(mN)
Upper Confidence Limit
x t t r(p.025)-~
V"
(mN)
Lower Confidence Limit 
x - l r(0 .0 2 5 )-^
(mN)
5 61 70 52
10 116 137 95
Lateral 15 153 177 130
20 192 210 174
25 232 251 214
30 275 297 253
5 53 63 44
10 117 142 93
Medial 15 165 192 138
20 197 228 166
25 260 296 223
5 67 78 55
10 137 155 118
Superior 15 179 193 166
20 247 270 225
25 304 335 273
5 66 85 48
10 126 149 102
Inferior 15 187 210 164
20 250 275 224
25 292 319 265
Table 13.1 M ean values and 95% confidence interval envelopes for forced  
duction results in normal test subjects using the manual design.
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F ig u r e  1 3 .2  N o r m a l  d a t a  f o r  FD T i n  t h e  f o u r  
p r i n c i p a l  d i r e c t i o n s  f o r  m a n u a l s y s t e m  (m e a n  
a n d  95%  c o n f i d e n c e  i n t e r v a l  e n v e l o p e s ) .
Direction Angle
(Degree)
Mean 
Force 
x (mN)
, Upper Confidence 
Limit
x +rv(0 .0 2 5 )-^
yjn
(mN)
Lower Confidence 
L im it
* - f v(0 .0 2 5 ) -—
(mN)
5 46 54 38
•10 76 86 67
15 113 127 98
Lateral 20 152 170 134
25 186 207 166
30 219 241 198
35 238 260 216
40 274 297 251
5 51 62 40
10 96 113 78
15 138 153 123
Medial 20 168 185 152
25 196 218 174
30 221 255 187
5 53 62 45
10 108 125 91
15 157 180 134
Superior 20 204 223 184
25 254 275 231
30 306 341 271
5 66 81 51
10 119 135 103
15 166 183 151
Inferior 20 218 235 200
25 265 289 241
30 314 353 275
Table 1 3 .2  M ean values and 95% confidence interval envelopes for forced  
duction in normal test subjects by using the motorized design .
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Figure 13.3 Mean values and 95% confidence 
envelopes for forced ductions in normal test 
subjects (motorised design).
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F ig  1 3 .4  Normal data sequence recordings for F D T  
A ) control LA - right eye- lateral direction FD T  I- sh o w s the 
precond ition ing curve. B) control A W  - left eye- superior d irection  FDT.
consistently lower than those measured during the loading 
phase•
The data presented in these studies was obtained during 
increasing rotation of the preconditioned cycles.
Data comparison between the manual and motorised systems 
showed that greater rotation values were obtainable with 
the motorised system. This was due to the stability and 
uniform speed afforded by the motor for the system, and 
the ability to reverse rapidly the movement of the 
carriage after achieving the desired angle of rotation.
The higher values of means (and the 95% confidence range 
obtained) by the manual system were due to the damping 
effect which was due to the reconditioning of the 
surrounding tissue as the speed of rotation of the eye 
decreased within a certain range. Moreover, the non- 
linearity of the force/velocity applied has also led to 
artefactual variations.
The mean values of the force required to pull the eye med­
ially or laterally were not significantly different one 
from another (t-test of the means: p=0.06), nor were those 
forces required to pull the eye superiorly or inferiorly 
(t-test: p=0 .1 1 ).
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13.1.3 The Force Generation Test
Forces measured in the force generation tests were
produced by the activity of the ocular muscle under test.
Data for the force generation test was collected from one 
eye of each of 30 normal subjects, 22 males and 8  females 
whose ages ranged between 16 and 65 years.
In this test, the carriage was locked in the primary
position, while the contact lens rod was coupled to the 
fork. The patient was instructed to follow a target, 
moving along an extended Bjerrum screen at 2-metre
distance, with his contralateral eye. Because the test 
was conducted in this way, there was no difference between 
the results collected using the manual or the motorised 
system.
The recorded forces were often more irregular than than 
those with the forced duction test, with rapid transient 
spikes presumably produced by the synchronous activity of 
motor units, being apparent.
As the contralateral eye followed the moving target, the
measured force increased to a maximum value at the great­
est excursion and fell to zero upon returning to the 
central rest position (CRP). Figure 13.5 shows a typical
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Figure 13.5 Normal control subject results for FGT 
in the horizontal plane. CRP: Central 
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Figure 13.6 Mean values and 95% confidence intervals 
for forces generated at 35° Hor and 30° Ver
rotation.
normal test result for horizontal eye movement where it is 
apparent that the maximum forces generated were similar 
for both lateral and medial excursions.
The maximum rotation of the contralateral eye for horizon­
tal movement was 35° and for vertical movement 30° from 
centre. Table 13.3 and figure 13.6 show the mean values
and the 95% confidence limits of the force at these
maximum excursions. The t-test showed that the forces
generated in upgaze were not significantly different from
those generated in downgaze (p«0.15), neither were the 
forces generated by the lateral and medial rectus muscles 
(p=0.29).
Force values obtained from the FGT were compared with 
those obtained from the FDT for the same direction and 
angle of rotation. The t-test results suggested that the 
forces obtained from the FGT were significantly higher 
than those obtained from the FDT for both horizontal and 
vertical eye movement. For an angle of rotation of 35°, 
the mean difference was 25 mN (p=0.05).
13.2 PATIENTS WITH ORBITAL FRACTURES
Twenty-four patients with different types of orbital 
fracture, who attended the Oral and Maxillofacial Surgery 
Unit at Canniesburn Hospital have been examined. The data
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FGT Test 
Direction
Mean Force 
x (mN)
Upper Confidence 
Limit
x +rv(0 .0 2 5 ) -L
V*
(mN)
Lower Confidence 
Limit
i - f v( 0 .0 2 5 ) - ^
y/n
(mN)
Lateral (35°) 313 334 292
Medial (35°) 324 341 307
Superior (30®) 306 327 284
Inferior (30®) 291 312 271
Table 13.3 Mean values and 95% confidence limits for forces generated 
at maximum rotation (in mN).
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collected from the normal subjects was used to elicit any 
abnormalities in the results obtained for each case. It 
was deemed inappropriate to group the patient data in view 
of the heterogeneity of the conditions investigated.
The results were organised into three different groups 
according to the injury sustained:
1. Orbital floor fracture in which the inferior rectus 
muscle was involved either by entrapment or trauma 
(bruise and/or haemorrhage).
2. Medial wall fracture with medial rectus involvement.
3. Lateral rectus paralysis.
It was expected that increased FDT values would be obtain­
ed for the first and second groups, while lateral rectus 
palsy would be accompanied by a reduced FGT value on 
attempted abduction.
The results from each patient were compared with the data 
obtained from normal test subjects.
13.2.1 Orbital Floor Fracture
Seven patients with orbital floor fracture were selected 
to be presented in this section. Table 13.4 summarises 
their details.
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Patient Age Sex In ju ry Ophthalmic Diagnosis
1 36 F Involved in RTA(road traffic 
accident) 25/8/90, she initially 
had soft tissue repair only at 
another hospital, but the bones of 
the face had not been repaired.
On 8/10/90 she developed slight 
enopbthalmos (1-2 mm) of the 
right eye which was displaced 
down by 4 mm. She suffered 
from limitation of elevation in 
abduction resulting in double 
vision on upgaze. She was 
managed conservatively.
On 12/3/91 she attended the 
ophthalmic clinic. An orbital floor'  
blow-out fracture with entrapment 
of the adjacent tissue of the 
inferior rectus was confirmed by 
CT.
2 24 F Slipped on a wet surface on 
9/5/91, struck the left side of her 
face.
Diplopia of both up and 
downgaze. X-ray confirmed blow­
out fracture of orbital floor with 
entrapment.
3 25 M Allegedly assaulted and kicked in 
the face on 7th April 1991.
Suffered from double vision on 
upgaze. X-ray showed blow-out 
fracture of left orbital floor.
4 37 M Allegedly assaulted and kicked 
on the face on 5th Jan 1990. He 
sustained a blow-out fracture of 
the left orbital floor as evidenced 
by plain X-rays and CT scan.
Suffered from intra-orbital 
anaesthesia and diplopia on 
upward gaze and downward of 
the left eye.
5 17 M Involved in RTA resulted in a 
blow-out fracture of the lateral 
wall and floor of the right orbit.
(
CT scan showed no evidence of 
muscle entrapment, but 
ophthalmic examination showed 
mild diplopia on up and down 
ward gaze..
6 43 M Fell in a railway station and hit 
the left side of his face on 
26/2/90. He sustained a blow-out 
fracture to the floor o f his left 
orbit.
Examination showed 1-2 mm 
enophthalmos and retraction of 
globe on upgaze. The orbital floor 
was surgically .explored and a 
moderate size defect (10 mm) 
was repaired with silastic sheet 
implant.
Postoperatively assessment 
revealed a persistent diplopia on 
upgaze.
7 23 M Sustained blow-out fracture of 
the left orbital floor following a 
fight on 23/3/90.
Ophthalmic examination revealed 
slight restriction of the left eye on 
downgaze with diplopia.
T&ble 13.4 Orbital floor fracture patients details.
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(A) With entrapment
Case 1: A 36-year old female who sustained her injuries 
following a road traffic accident (Fig 13.7: CT scan).
The FDT was carried out for the affected eye in the super­
ior direction. The forces required to rotate the eye in 
upgaze by more than 1 0 ° were significantly higher than the 
95% confidence range (Fig 13.8) and started rising marked­
ly after 25° of rotation.
A peculiar non-repetitive curve pattern full of sudden 
sharp increases of forces at most angles was observed in 
the first three cycles of rotation in the superior direc­
tion (Fig 13 • 9A), which can, probably be explained by the 
intermittent release of some of the entrapped tissues 
which were stretched during upward rotation.
The downward notch (x) observed on the graph during the 
relaxation phase of the inferiorly directed FDT cycle 
implies the presence of tethering which transiently 
released the stem of the contact lens from coupling with 
the fork, but which was then overcome with a return to 
the original configuration of the curve.
The clinical and radiographic evidence confirmed inferior 
rectus muscle entrapment.
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Figure 13.7 Coronal CT scan for case 1.
The arrow indicates the site of the blow-out fracture.
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Fig 13.9 Sequence recordings for FD T  case 1
A) superior direction FDT: 1- first recording 2-last recording.
B) inferior direction FDT: 3- loading curve 4 - unloading curve
Case 2: A 24-year old female who slipped on a wet surface 
and struck the left side of her face. She was initially 
managed conservatively but her fields of binocular single 
vision (Fig 13.10) showed only slight improvement between 
two visits, one week apart, while she continued to suffer 
diplopia.
The FDT in the upward direction (Fig 13.11) at the first 
visit showed force values falling within the normal 95% 
confidence range until 25° of rotation. The force then 
rose to values above the upper normal confidence limit. 
FDT in the inferior direction remained within the upper 
normal 95% confidence limit throughout the test.
At the second visit, the forces for upward rotation were 
within the normal range until 35° of rotation then rose 
rapidly. The FDT in the inferior direction was greater 
than the normal range for all angles of rotation.
The FGT was normal at 300 mN for both directions.
The results in the superior direction on both visits cor­
responded to the field of binocular single vision in which 
there was improvement in the field of vision on upgaze. 
The patient was referred for surgery due to her continuing 
symptomatology. It is of interest that the increasing 
force required to depress the eye was not accompanied by
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Fig 13.10 Binocular single vision recording for subject 2  at three different 
visits A and B before surgery C after surgery.
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Figure 13. 11 FDT results in both superior and 
inferior direction for subject 2
any concomitant diminution in the field of BSV on down- 
gaze.
Post-operatively, the superior FDT showed force-values 
within the 95% confidence limits until 30° of rotation, 
and higher at 35°, while it was within the 95% range for 
the inferior FDT. This coincided with the BSV where 
diplopia was witnessed at the extremes of vertical gaze.
Table 13.5 lists the results for both the FGT and the FDT 
at the same angle (30°). It is clear that FDT values on 
both visits were higher than the corresponding FGT values, 
while, on the third visit, the FGT was higher than the FDT 
in both directions especially on elevation.
Case 3: A 25-year old male who was allegedly assaulted and 
kicked in the face. He sustained a blow-out fracture of 
the left orbital floor which was evident on plain x-ray 
(Fig 13.12).
The FDT value in upward gaze (Fig 13.13) on the first 
visit was greater than the normal range at all angles, 
with a very steep curve starting at 25° angle.
At the second visit, 4 weeks later, the forces were still 
significantly greater than the normal range but the steep 
part of the curve displayed on the first visit was no
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Forces At 30 deg (mN)
Superior Inferior
FGT FDT FGT FDT
1st Visit 300 418 300 339
2nd Visit 300 320 300 461
3rd Visit 540 293 340 290
normal 95% 
confidence 
limits
284-327 271-341 271-312 275-353
T a b le  1 3 .5  FGT and FDT r e s u l t s  a t  th e  same a n g le  f o r  p a t i e n t  2 .  F i r s t  and 2nd  
v i s i t s  a r e  p r e -o p ,  w h i le  3 rd  v i s i t  i s  p o s t -o p .
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Figure 13.12 plain X ray for subject 3 showing blow 
out fracture. The arrow indicate the prolapse of 
orbital soft tissue into the maxillary sinus.
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Figure 13.13 FDT results for subject 3 
in the superior direction.
longer present. The fields of binocular single vision 
plotted on these two consecutive visits (Fig 13.14) show 
that diplopia occurred initially at 30° of upgaze but this 
value became 36° on the subsequent visit hence surgical 
intervention was not deemed to be necessary.
These results demonstrate that improvement in function was 
accompanied by diminution in resistance to eye movement. 
Table 13.6 presents the results of both the FDT and FGT at 
30° on both visits, and shows how both values for the FDT 
were higher than the corresponding FGT values.
FDT (mN)FGT (mN)
Direction
2nd Visit2nd Visit 1st Visit1st Visit
339Superior 230 300 600
Table 13.6 FGT and FDT results at 30° for patient 3.
It was of interest to note that one day after the initial 
FDT the patient had no double vision on upgaze but this 
symptom returned two days later. It is possible that the 
FDT itself was partially responsible for the continuing 
recovery of eye movement function.
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Figure 13.14 Binocular single vision results for subject 3 at two 
different visits.
Case 4: A 37-year old man who sustained a blow-out frac­
ture of the left orbital floor following alleged assault 
and a kick on the face.
The forced duction test was performed. The results for 
the inferior direction were within the normal range (Fig 
13.15), while the forces required to rotate the eye 
upwards were above the normal range right from the start 
suggesting an entrapment of the inferior rectus which was 
confirmed by the CT scan. Again, an irregular pattern 
was noticed in the recordings (Fig 13.16 A & B).
Exploration of the left orbital floor confirmed the 
diagnosis of a floor blow-out fracture and muscle 
entrapment. Soft tissue was freed and the bone defect was 
bridged by silastic sheets.
Case 5s A 17-year old male who sustained a blow-out 
fracture of the right orbital floor and the lateral wall 
following a road traffic accident.
It was not possible to decide clinically whether the 
superior rectus muscle was weak or there was entrapment of 
the inferior rectus.
Forced duction and force generation tests were performed 
on both eyes. The results of the FDT in the superior
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Figure 13.15 FDT results for patients 4, 5, 6 , and 7 in both 
superior and inferior directions.
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Figure 13.16 FDT sequence recordings for subject 4.
A) superior direction, B) inferior direction.
direction (Fig 13.15) showed normal forces for up to 17° 
of rotation but, for greater rotations, the forces were 
greater than the upper 95% confidence limit particularly 
for rotations between 20° and 30° for which the force was 
440 mN (44g).
The force generation tests (Table 13.7) showed that there 
was no significant difference between the two eyes and 
that the superior rectus of the affected eye produced 
force-values comparable with those from the normal eye, 
making it unlikely that the diplopia was due to superior 
rectus weakness.
These results suggested that there was an entrapment of 
the inferior rectus muscle. The entrapment was confirmed 
by subsequent surgical exploration of the orbit. FDT re­
sults at 35° (Table 13.7) were higher than those obtained 
by FGT.
(B) With soft tissue trauma
Case 6 : A 43-year old man fell in a railway station and 
hit the left side of his face leading to a blow-out 
fracture of his left orbital floor. The orbital floor was 
surgically explored and a moderate size defect ( 1 0  mm) was 
repaired with a silastic implant.
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Patient •Test Forces at 30 deg
Superior Inferior
FGT 300 280
5
FDT 440 300
6 FGT 200
<
200
FDT 430 400
FGT 350 200
7 FDT 350 526
Normal 95% FGT 284-327 271-312
confidence
range |
FDT 271-341 275-353
Table 13.7 Force generation test results for orbital floor fracture 
patients (all forces in mN).
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Post-operative assessment revealed persistent diplopia on 
upgaze. The forced duction and force generation tests 
were carried out on both eyes. The force values for the 
FDT for the normal eye for both vertical meridians fell 
within the 95% confidence range. Forces for the affected 
eye in the same directions were above the 95% limits of 
normal range (Fig 13.15). FDT curves in the superior 
direction comprised a pattern with irregular spikes (Fig 
13.17) which were reproducibly present and presumably 
resulted from damaged muscle tissue acting against the 
surrounding soft tissue and orbital floor. The FDT in the 
inferior direction was also high suggesting that the 
swollen muscle resisted the rotational compression. It is 
of interest that the FDT results were higher than the FGT 
(Table 13.7), which indicated that the mechanical 
resistance was higher than the actual forces exerted by 
muscle innervation, causing the diplopia in that specific 
direction. The next ophthalmic examination, three weeks 
later, confirmed a complete recovery in eye motility.
Case 7: A 23-year old man sustained a blow-out fracture of 
the left orbit following a fist fight.
The FDT and the FGT were carried out in both vertical 
directions. The FDT showed forces greater than the normal 
95% confidence range in both directions. These could be 
explained by the trauma and swelling affecting the muscle,
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Rotation JdeJ
Fig 1 3 .1 7  F D T  sequence recordings for subject 6  A )- superior d irection
B)- inferior direction.
which influenced the forces produced by passively stretch­
ing and compressing the muscles (Figs 13.15 and 13.18 A &
B) • The FGT results were within the normal range for 
attempted elevation while it was lower than the 95% normal 
range for attempted depression providing an indication of 
weakness in the inferior muscle concerned. The FDT in 
downgaze was again higher than the FGT, which points out 
the fact that the mechanical load was higher than the 
innervation power of the muscle concerned. This corres­
ponds to the field of binocular single vision which has 
been carried out a week after the FDT.
As a result of this test, from which a bruised inferior 
rectus was inferred, conservative management was 
recommended and no surgery was carried out. Progressive 
resolution took place. The fields of binocular single 
vision (Fig 13.19) demonstrate the follow up results on 
three successive dates after which the patient recovered 
completely.
The observation which was consistently made was the higher 
FDT results than the FGT.
In both cases with bruised muscles, the relaxation phase 
dropped markedly making the hysteresis loop very wide, 
implying muscle swelling due to haematoma and oedema,
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Fig 1 3 .1 8  FDT sequence recordings for subject 7  A )-su p er io r  direction
B)- inferior direction.
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F ig  13 .1 9  Fields o f  binocular single vision showing the follow up for 
subject 7  A )- on 5/4/90 B)- on 3/5/90 Q -  on 7/6/90
which caused a delay in the response for both stretching 
and compression.
13.2.2 Medial Wall Fracture
Case 8 : A 36-year old man who was allegedly assaulted. He 
sustained blow-out fractures of the right orbital floor 
and medial wall which were evident on CT. Ophthalmic 
examination revealed normal vision but there was a slight 
impairment of abduction.
The FDT in both medial and lateral directions showed 
forces which were significantly higher than normal (Figure 
13.20). The results of the FGT (Table 13.8) revealed a 
drop of forces to less than the 95% confidence range, 
which supports the opinion of a bruised medial rectus.
Medial
FGT (mN) FDT (mN)
200
380 270
Lateral
FGT (mN) FDT (mN)
200 350
220 181
Table 13.8 FGT results for medial wall fracture patients.
Case 9: A 38-year old man sustained a fracture of the base 
of the skull and severe midfacial injuries. Ophthalmic
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Figure 13.20 FDT results for medial wall 
involvement patients.
examination revealed failure of right abduction with 
diplopia in all directions of gaze but especially on 
attempted abduction. There was 3 mm of enophthalmos.
The FGT was carried out which revealed a force value of 
only 220 mN (22g) for the lateral rectus, confirming 
paresis, as compared to 380 mN (38g) for the healthy med­
ial rectus muscle. The low FDT value for lateral rotation 
(Fig 13,20) can be explained on the basis of enophthalmos. 
The recession of the globe into the orbit shortens all the 
rectus muscles. However, the medial rectus is shortened 
by a greater proportion than the lateral rectus as its 
overall length is less. The reduced forced duction on 
lateral rotation can thus be explained by shortening of 
the medial rectus (Fig 13.21). The forced duction result 
for adduction was, however, normal. This may be attributed 
to the concomitant greater area of contact between the 
lateral rectus and the eye during adduction with an accom­
panying increased resistance to rotation. Additional 
cases would be required to verify this finding.
13.2.3 Lateral Rectus Palsy
Four patients with lateral rectus palsy attended the 
clinic and underwent forced duction and force generation 
testing. Table 13.9 summarises the patients' details and 
Table 13.10 lists the FGT and FDT results for the corres-
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Superior rectus
Axis o f muscle
Figure 13.21 Illustrates how enophthalmos could increase the arc of 
contact between the lateral rectus and the globe.
Patient Age . Sex Injury Ophthalmic diagnosis
10 22 M Le Fort II maxillary and 
bilateral malar fractures on 
13/8/88.
6th nerve palsy 
examined 30/1/89.
11 32 M Sustained bead injury CT 
shows large extradural 
baematoma on the right side 
on 28/5/90.
6tb nerve palsy examined 
on 14/6/90.
12 22 M Allegedly assaulted. Right 
periorbital bruising, CT. 
show fracture of the right 
lateral wall 14/6/90.
Ptosis and complete 6th 
nerve palsy. 
Examined on 28/6/90.
13 17 F Involved in RTA Pre & 
Post traumatic amnesia with 
intra-cranial haemorrhage.
Blow-out fracture was 
suspected in the plain X- 
rays but was not confirmed 
by the CT scan 21/6/90.
Impaired left abduction 
proptosis diplopia. 
Examined on 31/7/90.
Ofcbie 1 3 .9  Case summary for lateral rectus palsy patients.
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Patient
Forces At 35 deg (mN)
Lateral Medial
10 FGT 100 370
FDT 250 210
11 FGT 40 350
FDT 295 80
12 ' FGT 100 300
FDT 200 125
13 FGT 40 280
FDT 195 285
Normal 95% 
confidence 
range
FGT 292-334 307-341
FDT 216-260 -
Table 13 .1 0  pG T  and FD T  results for lateral rectus palsy patients.
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p o n d in g  a n g l e  o f  r o t a t i o n  o f  3 5 ° .  T h e  F D T  r e s u l t s  a r e  a l s o  
s h o w n  i n  f i g u r e  1 3 . 2 2 .
T h e  f o r c e - v a l u e s  o b t a i n e d  w e r e  l o w e r  t h a n  t h e  95%  n o r m a l  
c o n f i d e n c e  r a n g e  i n  t h e  l a t e r a l  d i r e c t i o n .  T h e  r a t i o  o f  
t h e  FG T v a l u e  f o r  t h e  l a t e r a l  r e c t u s  t o  t h a t  o f  t h e  m e d i a l  
r e c t u s  r a n g e d  f r o m  11% t o  3 3 % .
T h e s e  c a s e s  h a v e  t h e  f o l l o w i n g  f e a t u r e s  i n  co m m o n . F D T  i n  
t h e  l a t e r a l  d i r e c t i o n  d i s p l a y s  a  n o n - l i n e a r  c u r v e  w h ic h  
e x c e e d e d  t h e  95%  n o r m a l  c o n f i d e n c e  r a n g e  a t  c e r t a i n  s t a g e s  
w h i l e ,  f o r  t h e  m e d i a l  d i r e c t i o n ,  t h e  c u r v e  f e l l  b e lo w  t h e  
n o r m a l  r a n g e  f o r  m o s t  o f  t h e  p a t i e n t s .  T h e  F G T  w a s  lo w  
f o r  t h e  a f f e c t e d  m u s c le ,  w h i l e  i t  w a s  w i t h i n  t h e  n o r m a l  
r a n g e  f o r  t h e  m e d i a l  r e c t u s .  A g a in  F D T  v a l u e s  w e r e  h i g h e r  
t h a n  t h e  g e n e r a t e d  f o r c e s  (F G T )  i n  t h e  l a t e r a l  d i r e c t i o n .
G e n e r a l l y ,  t h e r e  w e r e  s m a l l  h y s t e r e s i s  lo o p s  f o r  t h e  
l a t e r a l  d i r e c t i o n  w i t h  a  l o o s e  l a t e r a l  r e c t u s  a n d  a  
c o n t r a c t e d  m e d i a l  r e c t u s .  H o w e v e r ,  i n  t h e  m e d i a l  
d i r e c t i o n ,  l a r g e r  h y s t e r e s i s  lo o p s  w e r e  n o t e d  d u e  t o  t h e  
a b s e n c e  o f  t h e  l a t e r a l  r e c t u s  t e n d e n c y  t o  r e t r a c t  t o  i t s  
o r i g i n a l  p o s i t i o n  a f t e r  b e i n g  e x t e n d e d .
F i g u r e  1 3 . 2 3  s h o w s  FG T r e s u l t s  f o r  t h e  a f f e c t e d  e y e  o f  
c a s e  1 1  w h e r e  t h e  f o r c e s  g e n e r a t e d  b y  a t t e m p t e d  a d d u c t i o n  
h a d  p e a k  v a l u e s  i n  t h e  n o r m a l  r a n g e  o f  a b o u t  3 0 0  mN ( 3 0 g )
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13 .23  FGT in the horizontal plane for patient 11 A) affected (right 
eye) B) left eye CRP: central resting position.
b u t  o n l y  4 0  mN ( 4 g )  f o r  a t t e m p t e d  a b d u c t i o n .  T h e  u n a f f e c ­
t e d  e y e  s h o w e d  r e s u l t s  w i t h i n  t h e  n o r m a l  f o r c e  r a n g e  f o r  
a d d u c t i o n  m o v e m e n t b u t  t h e r e  w a s  a  c o n s i d e r a b l e  f o r c e  
o v e r s h o o t .
T h e  F D T  f o r  t h e  sam e e y e  i n  t h e  m e d i a l  d i r e c t i o n  p r o d u c e d  
f o r c e s  l o w e r  t h a n  t h e  95% c o n f i d e n c e  l i m i t s  i n d i c a t i n g  
l o w e r e d  r e s i s t a n c e  o f  t h e  l a t e r a l  r e c t u s .  H o w e v e r ,  i n  t h e  
l a t e r a l  d i r e c t i o n ,  t h e  f o r c e s  w e r e  l a r g e l y  v a r i a b l e ,  
i n i t i a l l y  b e i n g  l o w e r  t h a n  t h e  95%  c o n f i d e n c e  l i m i t s .
13.3 SUMMARY
T h i s  c h a p t e r  d e s c r i b e d  i n d i v i d u a l  c a s e s .  T h e  m a in  p u r p o s e  
o f  t h e s e  s t u d i e s  w a s  t o  e s t a b l i s h  c r i t e r i a  f o r  p o s s i b l e  
f u t u r e  u s e  o f  t h e  s y s te m  a n d  t o  a i d  d i a g n o s i s .  T h e  d a t a  
o b t a i n e d  a l s o  a l l o w s  i n t e r p r e t a t i o n  o f  t h e  d i f f e r e n t  
p a t t e r n s  o f  r e s u l t s  w h ic h  m a y  b e  s e e n  c l i n i c a l l y .
T h e  com m on f e a t u r e s  o f  e a c h  g r o u p  a n d  t h e i r  g e n e r a l  
s i g n i f i c a n c e  w i l l  b e  d is c u s s e d  i n  t h e  f o l l o w i n g  c h a p t e r .
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CHAPTER 1 4  
D IS C U S S IO N  AND C O N C LU S IO N S
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14. DISCUSSION AND CONCLUSIONS
T h e  t e c h n o l o g y  u s e d  t o  b u i l d  t h e  s y s te m  t o o k  i n t o  c o n s i d ­
e r a t i o n  t h e  f a c t o r s  r e q u i r e d  t o  f a c i l i t a t e  t h e  p e r f o r m a n c e  
o f  t h e  f o r c e d  d u c t i o n  a n d  f o r c e  g e n e r a t i o n  t e s t s  i n  l e s s  
t h a n  1 0  m i n u t e s .  T h e  u s e  o f  t h e  C o m p aq  c o m p u t e r  e q u ip p e d  
w i t h  a n  a n a lo g u e  t o  d i g i t a l  c o n v e r t o r ,  i n  a d d i t i o n  t o  t h e  
d i f f e r e n t  e l e c t r o n i c  c o m p o n e n ts ,  p r o v i d e d  t h e  f a c i l i t y  t o  
a c q u i r e  t h e  d a t a  b o t h  a c c u r a t e l y  a n d  q u i c k l y .  I t  h a s  a l s o  
g i v e n  t h e  e x a m in e r  a n  im m e d ia t e  i n d i c a t i o n  o f  t h e  s u c c e s s ­
f u l  c o m p l e t i o n  o f  t h e  t e s t .  T h e  d a t a  o b t a i n e d  f r o m  t h e  
n o r m a l  s u b j e c t s  a n d  p a t i e n t s  h a s  e s t a b l i s h e d  t h e  b a s i s  f o r  
t h e  f u t u r e  d e v e lo p m e n t  a n d  p o t e n t i a l  m a r k e t i n g  o f  t h e  
d e v i c e .
14.1 TEST SYSTEM
T h e  t e s t  a p p a r a t u s  i s  r o b u s t  a n d  r e l i a b l e  a n d  h a s  p r o v e d  
s e n s i t i v e  e n o u g h  t o  o b t a i n  u s e f u l  m e a s u r e m e n ts  o f  f o r c e  
a n d  d i s p l a c e m e n t  i n  a l l  d i r e c t i o n s .  T h e  t e s t s  d e s c r i b e d  
a r e  s i m p l e  t o  p e r f o r m  a s  l o n g  a s  t h e  c o r r e c t  s t e p s  o f  t h e  
p r o t o c o l  a r e  f o l l o w e d .  P a t i e n t  c o o p e r a t i o n  i s  r e q u i r e d  t o  
e n s u r e  t h e  s u c c e s s  o f  t h e  t e s t  s i n c e  i t  i s  p e r f o r m e d  o n  
t h e  a w a k e  p a t i e n t .  T h i s  c o n t r a s t s  w i t h  p r e v i o u s  d e v i c e s  
w h ic h  h a v e  b e e n  d e s i g n e d  f o r  u s e  u n d e r  g e n e r a l  a n a e s t h e s i a  
( M e t z  & C o h e n , 1 9 8 4 ;  R o s e n b a u m  & M y e r ,  1 9 8 0 ) .
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T h e  m e a s u r in g  s y s te m  w a s  e v a l u a t e d  b y  u s i n g  t h e  s i m u l a t i o n  
p r o t o t y p e  a n d  h a s  p r o v e d  s e n s i t i v e  e n o u g h  t o  m e a s u r e
f o r c e s  i n  t h e  r a n g e  o f  + / -  4  mN ( 0 . 4 g ) .
14.1.1 Coupling
T h e  u s e  o f  t h e  c o n t a c t  l e n s  g r e a t l y  r e d u c e s  t h e  t r a u m a  
o f t e n  a s s o c i a t e d  w i t h  t h e s e  t e s t s  f o r  w h ic h  a l t e r n a t i v e  
m e th o d s  o f  c o u p l i n g  h a v e  b e e n  u s e d ,  s u c h  a s  a  p a i r  o f  f o r ­
c e p s  ( C o l l i n s  e t  a l ,  1 9 8 1 ;  R o s e n b a u m  & M y e r ,  1 9 8 0 ;  S c o t t  
e t  a l ,  1 9 7 2 ;  J a e n s c h ,  1 9 2 9 )  o r  a  s i l k  s u t u r e  s e w n  t o  t h e  
s c l e r a  o r  t o  t h e  d e t a c h e d  m u s c le  t e n d o n  ( M e t z  & C o h e n ,  
1 9 8 4 ;  M a d r o s z l i e w i c z ,  1 9 7 0 ;  R o b in s o n  e t  a l ,  1 9 6 9 ) .
T h e  r e d u c t i o n  o f  p r e s s u r e  b e n e a t h  t h e  c o n t a c t  l e n s
p r o v i d e s  a n  e f f e c t i v e  c o u p l i n g  b e t w e e n  t h e  e y e b a l l  a n d  t h e  
s y s t e m .  S l i p p a g e  w a s  r a r e l y  o b s e r v e d  a n d  w h e n  i t  o c c u r r e d  
i t  w a s  d e t e c t e d  b y  t h e  c o n c o m i t a n t  c h a n g e s  i n  t h e  p r e s s u r e  
r e a d i n g s . T h i s  a l l o w e d  im m e d ia t e  a c t i o n  t o  b e  t a k e n  t o  r e ­
e s t a b l i s h  t h e  p r e s s u r e  r e d u c t i o n .  T h i s  w a s  a n  a d v a n c e m e n t  
o n  t h e  p r e v i o u s  s u c t i o n  c u p s  d e s c r i b e d  b y  M i l l e r  a n d  
K a l i n a  ( 1 9 8 4 ) ,  K n o x  ( 1 9 7 4 ) ,  R o b in s o n  e t  a l  ( 1 9 6 9 ) ,  a n d
S t e p h e n  a n d  R e in e c k e  ( 1 9 6 7 ) .
T h e  p r e s s u r e  r e d u c t i o n  u n d e r  t h e  l e n s  m a y  c o m p r e s s  t h e  
a q u e o u s  v e i n s ,  d i s r u p t  t h e  n o r m a l  d r a i n a g e  o f  a q u e o u s
h u m o u r a n d  r a i s e  t h e  i n t r a o c u l a r  p r e s s u r e .  P r e v i o u s
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s t u d i e s  ( C o l l i n s  & v a n  D e r w e r f f ,  1 9 8 0 ;  K n o x ,  1 9 7 4 ;  S t e p h e n  
& R e i n e c k e ,  1 9 6 7 )  h a v e  s h o w n  t h a t  a  p r e s s u r e  o f  1 0 . 7  k P a  
( 8 0  m mHg) c a n  b e  t o l e r a t e d  f o r  a t  l e a s t  1 0  m in u t e s  w i t h o u t  
i l l  e f f e c t s .  T h e s e  p a r a m e t e r s  w e r e  o b s e r v e d  i n  t h e  
p r e s e n t  s t u d y ,  a n d  i n  n o  c a s e  w a s  t h e r e  a  s i g n i f i c a n t  
i n c r e a s e  i n  t h e  i n t r a o c u l a r  p r e s s u r e  w h ic h  w a s  m e a s u r e d  
b o t h  b e f o r e  a n d  a f t e r  t h e  t e s t .
T h e  d e v e l o p m e n t  o f  t h e  c o n t a c t  l e n s  f r o m  o n e  w i t h  a n  
o b l i q u e  s e p a r a t e  p a s s a g e ,  t o  o n e  w i t h  a  c e n t r a l  s u c t i o n  
p a s s a g e  t h r o u g h  t h e  c o u p l i n g  r o d  ( s t e m )  r e d u c e s  a r t i f a c t s  
w h ic h  m a y  i n f l u e n c e  t h e  m e a s u r e m e n t s .  S u c h  a r t i f a c t s  
i n c l u d e  t h e  i n t e r f e r e n c e  i m p a r t e d  b y  t h e  s u c t i o n  s y s te m  t o  
t h e  r e c o r d i n g  b y  s t r i k i n g  t h e  u p p e r  o r  l o w e r  l i d ,  o r  t h e  
n o s e .  A  c e n t r a l  s u c t i o n  d u c t ,  t h u s ,  a l l o w s  t h e  t e s t  t o  b e  
p e r f o r m e d  i n  a l l  m e r i d i a n s  w i t h  g r e a t e r  f a c i l i t y .
14.1.2 The Track
T h e  f o r c e  a n a l y s i s  f o r  t h e  d i f f e r e n t  p r o t o t y p e s  d e v e l o p e d  
h i g h l i g h t e d  t h e  f a c t  t h a t  tw o  f o r c e  c o m p o n e n ts  m i g h t  b e  
a p p l i e d  t o  t h e  e y e ,  a x i a l  f o r c e s  a n d  t a n g e n t i a l  f o r c e s .  
I n  a d d i t i o n ,  t h e  f o r c e  m e a s u r e d  b y  t h e  l o a d  c e l l  d i d  n o t  
a lw a y s  a c c u r a t e l y  r e f l e c t  e i t h e r  o f  t h e s e  tw o  f o r c e s  b u t  
m i g h t  b e  s t r o n g l y  i n f l u e n c e d  b y  t h e  a n g l e s  b e t w e e n  t h e  
c o u p l i n g  t h r e a d  a n d  t h e  c o n t a c t  l e n s  s te m  a n d  l o a d  c e l l  
( F i g  1 2 . 7 )  •
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The linear -track: The force and displacement analysis of
t h e  l i n e a r  t r a c k  s h o w e d  t h a t  t h e  m a g n i t u d e  o f  b o t h  t h e
t a n g e n t i a l  a n d  t h e  a n t e r o - p o s t e r i o r  f o r c e s ,  a s  w e l l  a s  t h e  
r e l a t i o n s h i p  b e t w e e n  t h e s e  f o r c e s  a n d  t h e  f o r c e  m e a s u r e d  
b y  t h e  c e l l  l o a d ,  d e p e n d e d  o n  t h e  g e o m e t r y  o f  t h e  t e s t  
s y s t e m .  B o th  t a n g e n t i a l  a n d  a n t e r o - p o s t e r i o r  c o m p o n e n ts  
i n  t h e  s t r a i g h t  t r a c k  d e s i g n  w e r e  d e p e n d e n t  o n  t h r e e
e l e m e n t s :  t h e  d i s p l a c e m e n t ,  t h e  e y e ' s  r a d i u s  o f  r o t a t i o n ,  
a n d  t h e  l e n g t h  o f  b o t h  t h e  s te m  a n d  t h e  s i l k  t h r e a d .
T h e  r o t a t i o n a l  p r o t o t y p e :  T h i s  w a s  a n  im p r o v e m e n t  o n  t h e  
l i n e a r  t r a c k  i n  t h a t  t h e  f o r c e  m e a s u r e d  b y  t h e  c e l l  l o a d  
w a s  e q u a l  t o  t h e  t a n g e n t i a l  f o r c e  a p p l i e d  t o  t h e  e y e b a l l ,  
b u t  t h e  p r e s e n c e  o f  a n  a n t e r o - p o s t e r i o r  f o r c e  c o m p o n e n t
i n f l u e n c e d  t h e  f o r c e  m e a s u r e m e n t ,  a l t e r e d  t h e  c o n d i t i o n  o f  
t h e  t e s t  a n d  t e n d e d  t o  d i s l o d g e  t h e  c o n t a c t  l e n s .
T h e  c i r c u l a r  t r a c k  d e v i c e :  W i t h  i t s  c o u p l i n g  c a p a b i l i t y  
e l i m i n a t e d  t h e  a n t e r o - p o s t e r i o r  c o m p o n e n t  a n d  e n s u r e d  t h a t  
t h e  m e a s u r e d  f o r c e  w a s  e q u a l  t o  t h e  t a n g e n t i a l  f o r c e  
a p p l i e d  t o  t h e  e y e .
T h e  r e s u l t s  o b t a i n e d  f r o m  t h e  t h r e e  d i f f e r e n t  p r o t o t y p e s  
s h o w e d  a  s t e a d y  im p r o v e m e n t  i n  q u a l i t y  a n d  r e l i a b i l i t y  o f  
t h e  r e s u l t s .
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D a t a  c o l l e c t i o n  w i t h  r e a l - t i m e  d i s p l a y  o f  f o r c e - r o t a t i o n  
c u r v e s  o n  t h e  c o m p u t e r  s c r e e n  g a v e  t h e  u s e r  t h e  o p p o r ­
t u n i t y  t o  i m m e d i a t e l y  r e p e a t  t h e  t e s t  i n  t h e  c a s e  o f  u n ­
s a t i s f a c t o r y  r e s u l t s  o r  a r t i f a c t s .  O n - l i n e  r e c o r d i n g  o f  
t h e  d a t a  i n  a  c o d e d  f i l e  f o r  e a c h  p a t i e n t  a l l o w e d  e a s y  
r e f e r e n c e  t o  t h e  d a t a  w h e n  r e q u i r e d .
C o l l i n s  e t  a l  ( 1 9 8 1 )  d e s c r i b e d  t h e  u s e  o f  a n  X - Y  o s c i l l o ­
s c o p e  a n d  d a t a  s a v i n g  o n  a  m u l t i t r a c k  FM t a p e  r e c o r d e r .  
T h i s  m e th o d  i s  n o t  a s  e f f i c i e n t  a s  s a v i n g  t h e  d a t a  o n  a  
c o m p u t e r  a s  t h e  t a p e s  h a d  t o  b e  c h a n g e d  f o r  i n d i v i d u a l  
p a t i e n t s  m a k in g  c o m p a r is o n  b e t w e e n  d i f f e r e n t  p a t i e n t s '  
r e c o r d i n g s  d i f f i c u l t .
M e t z  a n d  C o h e n  ( 1 9 8 4 )  e m p lo y e d  a  b e t t e r  s y s te m  f o r  r e c o r d ­
i n g ;  h o w e v e r ,  t h e y  d i d  n o t  h a v e  t h e  o p t i o n  o f  r e a l - t i m e  
c o n t i n u o u s  d i s p l a y .
T h e  u s e  o f  i n t r a o c u l a r  p r e s s u r e  m e a s u r e m e n t  ( Z a p p i a  e t  a l f 
1 9 7 1 )  a s  a n  a l t e r n a t i v e  t o  t h e  f o r c e d  d u c t i o n  t e s t  w a s  
l i m i t e d  t o  a n  a n g l e  o f  1 5 °  u p  a n d  d o w n  o n l y  a n d  c o u l d  n o t  
b e  a p p l i e d  c o n t i n u o u s l y .  M o r e o v e r ,  i t  w a s  n o t  s u i t a b l e  
f o r  t h e  f o r c e  g e n e r a t i o n  t e s t .
C o m p a re d  t o  t h e  a l t e r n a t i v e  m e th o d s ,  t h e  c u r r e n t  s y s te m  
p r o v i d e d  a c c u r a t e  m e a s u r e m e n ts  f o r  b o t h  t h e  F D T  a n d  t h e
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F G T  a n d  a l l o w e d  b o t h  t e s t s  t o  b e  c a r r i e d  o u t  a t  t h e  sam e  
s i t t i n g ,
14.1.3 The Drive Mechanism
A n a l y s i s  o f  t h e  r e s u l t s  o b t a i n e d  u s i n g  t h e  c u r v e d  t r a c k  
d e v i c e  w i t h  m a n u a l  r o t a t i o n  r e v e a l e d  t h a t  a  r a t e  o f  
d i s p l a c e m e n t  l e s s  t h a n  1 0 ° / s  p r o d u c e d  i r r e g u l a r  r e s u l t s  
p r o b a b l y  c a u s e d  b y  t h e  i r r e g u l a r  m o v e m e n t o f  t h e  l o a d  c e l l  
c a r r i a g e  p r o d u c e d  m a n u a l l y .
U s in g  a  DC m o t o r  t o  d r i v e  t h e  c a r r i a g e ,  w h ic h  c a r r i e d  t h e  
f o r c e  a n d  d i s p l a c e m e n t  t r a n s d u c e r s ,  a t  a  s p e e d  g r e a t e r  
t h a n  1 0 ° / s  ( 1 6 . 7 ° / s ) ,  im p r o v e d  t h e  f o r c e  r o t a t i o n  c u r v e s  
b y  i n c r e a s i n g  t h e i r  s m o o th n e s s  a n d  r e d u c i n g  t h e  v a r i a t i o n  
o f  t h e  r e c o r d i n g s  a s  c o m p a r e d  w i t h  t h o s e  o b t a i n e d  w i t h  t h e  
m a n u a l  d r i v e n  s y s t e m .  C o l l i n s  e t  a l  ( 1 9 8 1 )  c l a i m e d  t o  
h a v e  e m p lo y e d  a  r a t e  o f  d i s p l a c e m e n t  o f  1 0 ° / s .  H o w e v e r ,  
t h e s e  a u t h o r s  u s e d  m a n u a l  t e c h n i q u e s  o n l y  a n d  p r o v i d e d  n o  
e v i d e n c e  t h a t  t h i s  r e g u l a r  r a t e  w a s  a c t u a l l y  a c h i e v e d .
14.1.4 Measuring the Angle of Rotation
T o  a l l o w  a n  a c c u r a t e  m e a s u r e m e n t  o f  t h e  a n g l e  o f  r o t a t i o n ,  
a  t e n - t u r n  r o t a t i o n a l  p o t e n t i o m e t e r  w a s  e m p lo y e d .  T h i s  i s  
p r o b a b l y  m o re  a c c u r a t e  a n d  r e p r o d u c i b l e  t h a n  o t h e r
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m e th o d s  s u c h  a s  t h e  m i l l i m e t r e  r u l e  ( M e t z  & C o h e n , 1 9 8 4 ;  
S c o t t  e t  a l ,  1 9 7 2 ) .
14.2 FORCE-DISPLACEMENT RESPONSE OF NORMAL EXTRAOCULAR 
MUSCLE
T h e  l i n e a r  f o r c e / r o t a t i o n  r e l a t i o n s h i p  o f  t h e  m u s c le s ,  
o b t a i n e d  f r o m  t h e  r e l a x e d  e x t r a o c u l a r  m u s c le s  i n  t h e  
f o r c e d  d u c t i o n  t e s t s ,  a r e  u n l i k e  t h e  n o n - l i n e a r  b e h a v i o u r  
s h o w n  b y  s t r e t c h i n g  r e l a x e d  m u s c le s  b y  s i m p l e  t e n s i o n  
( Z a j a c ,  1 9 8 9 ) .
L e n g t h - t e n s i o n  t e s t s  o n  t h e  h o r i z o n t a l  r e c t u s  m u s c le s  
w h ic h  h a v e  b e e n  d e t a c h e d  f r o m  t h e  e y e b a l l  u n d e r  l o c a l  
a n a e s t h e t i c  ( R o b in s o n ,  1 9 7 5 )  h a v e  s h o w n  t h a t  t h e s e  m u s c le s  
d e m o n s t r a t e  n o n - l i n e a r  b e h a v i o u r  t y p i c a l  o f  s o f t  t i s s u e s ,  
w i t h  a  h i g h  i n i t i a l  c o m p l ia n c e  a n d  a  t e r m i n a l  l i n e a r  
s t i f f n e s s ,  b u t  t h e  e x t e n t  o f  t h e  c o m p l i a n t  p h a s e  d e p e n d s  
o n  t h e  r e s t i n g  l e n g t h  a n d  i s o m e t r i c  t e n s i o n  i n  t h e  m u s c l e .  
I n  t h e  c e n t r a l  r e s t  p o s i t i o n ,  t h e  i s o m e t r i c  t e n s i o n  
o b l i t e r a t e s  t h e  i n i t i a l  c o m p l i a n t  p h a s e  w h ic h  r e s u l t e d  i n  
t h e  m u s c le  d i s p l a y i n g  a  l i n e a r  l e n g t h - t e n s i o n  o r  r o t a t i o n -  
t e n s i o n  r e s p o n s e .  T h i s  w a s  c o n f i r m e d  b y  C o l l i n s  a n d  a s s o ­
c i a t e s  ( 1 9 8 1 )  w h e n  t h e y  m e a s u r e d  t h e  s t i f f n e s s  a s s o c i a t e d  
w i t h  i n n e r v a t e d  m u s c le s .
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P r e v i o u s  f o r c e d  d u c t i o n  t e s t s  h a v e  p r o d u c e d  a  r a n g e  o f  
v a l u e s  f o r  t h e  f o r c e / r o t a t i o n  s t i f f n e s s  o f  t h e  e x t r a o c u l a r  
m u s c l e s .  T h e  s t i f f n e s s  w a s  f o u n d  b y  R o b in s o n  ( 1 9 7 5 )  t o  b e
7 . 5  m N /d e g  ( 0 . 7 6 g / d e g ) ,  w h i l e  C o l l i n s  e t  a l  ( 1 9 8 1 )  f o u n d  
t h e  s t i f f n e s s  i n  t h e  h o r i z o n t a l  p l a n e  t o  b e  7 . 8 - 1 6 . 7  m N / 
d e g  ( 0 . 8 - 1 . 7 g / d e g )  m e d i a l l y  a n d  7 . 6 - 1 1 . 8  m N /d e g  ( 0 . 7 8 -  
1 . 2 g / d e g )  l a t e r a l l y .  T h e s e  v a l u e s  a r e  c o m p a r a b le  w i t h  
t h o s e  o b t a i n e d  f o r  t h e  n o r m a l  s u b j e c t s  i n  t h e  p r e s e n t  
s t u d y  ( T a b l e  1 4 . 1 )  w h ic h  d e m o n s t r a t e d  s m a l l e r  r a n g e  o f  
v a l u e s .
D i r e c t i o n  
o f  p u l l
L a t e r a l
M e d i a l
S u p e r i o r
I n f e r i o r
S t i f f n e s s  ( m N /d e g )
R a n g eM e a n
7 . 8 7 . 2 - 8 . 4
7 . 9 - 9 . 78.8
1 0 . 6 1 0 . 2 - 1 1 . 0
11.0 1 0 . 5 - 1 2 . 2
T a b l e  1 4 . 1  S t i f f n e s s  v a l u e s  o b t a i n e d  f o r  f o r c e d  d u c t i o n  i n  
t h e  4  t e s t  d i r e c t i o n s  f o r  n o r m a l  s u b j e c t s  u s i n g  
t h e  m o t o r  d r i v e n  d e v i c e .
T h e r e  a r e  tw o  p r e v i o u s  r e p o r t s  o n  t h e  f o r m s  o f  t h e  f o r c e /  
r o t a t i o n  r e s p o n s e  o b t a i n e d  b y  f o r c e d  l a t e r a l  a n d  m e d i a l  
d u c t i o n  t e s t s  o n  c o n s c i o u s  s u b j e c t s .  S c o t t  a n d  a s s o c i a t e s
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( 1 9 7 2 )  c a l c u l a t e d  t h e  e y e  r o t a t i o n  b y  a n  u n s p e c i f i e d  m e a n s  
f r o m  t h e  l i n e a r  d i s p l a c e m e n t  w h ic h  t h e y  m e a s u r e d  u s i n g  
t h e i r  t e s t  a p p a r a t u s .  T h e  r e s u l t s  s h o w e d  t h a t  t h e  f o r c e  
w a s  a  l i n e a r  f u n c t i o n  o f  t h e  r o t a t i o n  f o r  s m a l l  r o t a t i o n s  
w i t h  a n  e f f e c t i v e  s t i f f n e s s  o f  5 - 1 7 . 5  mN ( 0 . 5 - 1 . 8 g / d e g ) .  
A t  g r e a t e r  r o t a t i o n s ,  t h e  r e s p o n s e  b e c a m e  n o n - l i n e a r  b u t  
w a s  t h e  i n v e r s e  o f  t h a t  s h o w n  b y  s o f t  t i s s u e s ,  i e  t h e  
c o m p l ia n c e  f e l l  w i t h  i n c r e a s i n g  r o t a t i o n .
A l t h o u g h  S c o t t  a n d  c o - w o r k e r s  c o u ld  c a l c u l a t e  t h e  r o t a t i o n  
f r o m  t h e  l i n e a r  d i s p l a c e m e n t ,  t h e  l o a d  m e a s u r in g  s y s te m  
c o u l d  o n l y  m e a s u r e  t h e  l a t e r a l  c o m p o n e n t  o f  t h e  t a n g e n t i a l  
f o r c e  a p p l i e d  t o  t h e  e y e b a l l .  C o m p e n s a t in g  f o r  t h i s  b y  
r e p l o t t i n g  t h e  r o t a t i o n / l o a d  d a t a  b y  r e p l a c i n g  l o a d  w i t h  
l o a d / ( c o s  a n g l e  o f  r o t a t i o n )  p r o d u c e s  a  l i n e a r  f o r c e /  
r o t a t i o n  c h a r a c t e r i s t i c  f o r  t h e  m u s c le s .
C o l l i n s  a n d  a s s o c i a t e s  ( 1 9 8 1 )  h e l d  t h e i r  l o a d  s e n s i n g  
f o r c e p s  p e r p e n d i c u l a r  t o  t h e  g lo b e  t o  e n s u r e  t h a t  t h e y  
m e a s u r e d  t h e  t a n g e n t i a l  f o r c e .  T h e i r  r e s u l t s  s h o w e d  a  
l i n e a r  f o r c e - r o t a t i o n  r e s p o n s e  a n d  a  m e a n  s t i f f n e s s  o f
9 . 4  m N /d e g  ( 0 . 9 6 g / d e g )  f o r  l a t e r a l  d u c t i o n ,  a n d  1 0 . 5  m N / 
d e g  ( l . l g / d e g )  f o r  m e d i a l  d u c t i o n ,  v e r y  s i m i l a r  v a l u e s  t o  
t h o s e  o b t a i n e d  i n  t h e  c u r r e n t  s t u d y .
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14.2.1 Forces Generated by Normal Extraocular Muscles
I n  t h e  f o r c e d  d u c t i o n  t e s t  b o t h  t h e  f o r c e  a n d  r o t a t i o n  
w e r e  m e a s u r e d  o n  t h e  sam e e y e .  T h e s e  c o u l d  b e  i n v e s t i g a t e d  
i n d e p e n d e n t l y  o n  t h e  c o n t r a l a t e r a l  e y e .  T h e  f o r c e  g e n e ­
r a t i o n  t e s t  w a s  m o re  c o m p le x ,  w i t h  t h e  m e a s u r e d  f o r c e  
b e i n g  g e n e r a t e d  b y  t h e  m u s c le  u n d e r  t e s t  b u t  t h e  r o t a t i o n  
o c c u r r i n g  i n  t h e  c o n t r a l a t e r a l  e y e .
T h e  m a g n i t u d e  o f  t h e  f o r c e s  g e n e r a t e d  b y  5 0 °  f o r c e  g e n e ­
r a t i o n  t e s t  w e r e  r e p o r t e d  b y  C o l l i n s  e t  a l  ( 1 9 8 1 )  a s  b e i n g  
7 4 8  mN ( 7 6 g )  f o r  l a t e r a l  m o v e m e n t a n d  5 9 1  mN ( 6 0 g )  f o r  
m e d i a l  m o v e m e n t ,  b e i n g  a p p r o x i m a t e l y  t w i c e  t h e  v a l u e s  
f o u n d  i n  t h e  c u r r e n t  i n v e s t i g a t i o n  f o r  a  3 0 °  r o t a t i o n .
T h e  s i m i l a r i t y  o f  t h e  r o t a t i o n a l  f o r c e s  r e q u i r e d  t o  r o t a t e  
t h e  e y e  e i t h e r  m e d i a l l y  o r  l a t e r a l l y  i n  t h e  c u r r e n t  s t u d y  
i s  i n  a c c o r d a n c e  w i t h  t h e  p r i n c i p l e  o f  H e r i n g ' s  l a w  w h ic h  
s t a t e s  t h a t  r e c i p r o c a l  a n d  e q u a l  i n n e r v a t i o n  i s  r e c e i v e d  
b y  s y n e r g i s t i c  m u s c le s .
R e s u l t s  o b t a i n e d  f r o m  f o r c e d  d u c t i o n  a n d  f o r c e  g e n e r a t i o n  
t e s t s ,  p e r f o r m e d  o n  t h e  sam e s u b j e c t ' s  e y e ,  d i r e c t i o n  a n d  
a n g l e  o f  r o t a t i o n ,  s h o w  t h a t  FG T  r e f l e c t s  t h e  e y e ' s  p o t e n ­
t i a l  c a p a b i l i t y  t o  a c h i e v e  t h e  m e c h a n i c a l  t a s k  o f  r o t a ­
t i o n .  I t  i s  t h i s  s t o r e d  e n e r g y  t h a t  g e n e r a t e s  t h e  r e q u i r e d  
f o r c e  t o  o v e r c o m e  t h e  m e c h a n i c a l  l o a d  a s  t h e  e y e  r o t a t e d .
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14.2.2 Stress-Strain Relationship
M o s t  o f  t h e  s t u d i e s  c o n c e r n e d  w i t h  b i o l o g i c a l  t i s s u e s  h a v e  
b e e n  p r e s e n t e d  i n  t h e  f o r m  o f  s t r e s s - s t r a i n  r e l a t i o n s h i p s .  
T h e  t a s k  i n  t h i s  s e c t i o n  i s  t o  c a l c u l a t e  t h e  s t r a i n  a n d  
t h e  c o r r e s p o n d i n g  s t r e s s .
I t  w i l l  b e  a s s u m e d  t h a t  t h e  s t r a i n  i n  m u s c le  i s  u n i f o r m  
a n d  t h e  s t r a i n  i n  t e n d o n  i s  z e r o  ( i e  i t  i s  m u ch  s t i f f e r  
t h a n  m u s c l e ) .  N o t e  t h a t  o n e  o f  t h e  c o o r d i n a t e s  o f  e a c h  
i n s e r t i o n  i s  s m a l l  ( T a b l e  1 4 . 2 ;  S c o t t ,  1 9 8 6 )  a n d  t h e  
d e t e r m i n a t i o n  o f  r o t a t i o n / s t r a i n  r e l a t i o n s  c a n  t h e r e f o r e  
b e  t r e a t e d  a s  a  t w o - d i m e n s i o n a l  p r o b le m  f o r  e a c h  m u s c le ,  
a n d  t h a t  t h e  l e n g t h s  o f  a l l  t h e  m u s c le s  a r e  g r e a t e r  t h a n  
t h e  t e n d o n s ' l e n g t h s .
T o  c a l c u l a t e  t h e  s t r a i n ,  s e v e r a l  p o i n t s  s h o u ld  b e  t a k e n  
i n t o  a c c o u n t  ( F i g  1 4 . 1 ) :  l = i n s e r t i o n ,  T = t a n g e n t  p o i n t  a t  
w h ic h  t h e  m u s c le  f i r s t  t o u c h e s  t h e  g l o b e ,  O = o r i g i n  o f  
m u s c le s ,  T ' * p o i n t  w h e r e  t e n d o n  j o i n s  m u s c l e ,  a n d  R = r a d i u s  
o f  e y e  a t  I .
On r o t a t i o n  (() ( r a d i a n )  t h e  p o s i t i o n  o f  T  r e m a i n s  c o n s t a n t  
r e l a t i v e  t o  t h e  o r i g i n  o f  t h e  m u s c le  a n d :
( M u s c l e l e n g t h ) l _ q + r • ^
S t r a i n * ------------------------------------------------------   1 ( 1 4 - 1 )
( M u s c l e l e n g t h ) L - 0
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Origin Insertion
M u sc le A n a to m ic
C o o rd in a te s t
(m m ) A n a to m ic
C o o rd in a te s
(m m )
L a te ra l O rb i t  a p e x , X -1 3 .0 0 7 m m  fro m X + 10.08
re c tu s a n n u lu s Y - 3 4 .0 0 la te ra l Y + 6 .50
z in n ii Z + 0 .6 0 lim bus Z 0
M ed ia l O rb it  a p e x . X -1 7 .0 0 5 m m  fro m X -9 .6 5
re c tu s a n n u lu s Y -3 0 .0 0 m ed ia l Y t-8.84
z in n ii Z + 0 .6 0 lim bus Z 0
In fe r io r O rb it  a p e x , X -1 6 .0 0 6.5  m m  fro m X 0
re c tu s a n n u lu s Y -3 1 .7 6 in fe rio r Y + 8 .02
z in n ii Z - 2 .4 0 lim bus Z - 10.24
S u p e r io r O rb i t  a p e x . X - 1 6 .0 0 7 .6  m m  from X 0
re c tu s a n n u lu s Y -3 1 .7 6 s u p e r io r Y + 7.63
z in n ii Z +  3.60 lim bus Z + 10.48
In fe r io r B eh in d X - 1 1 .1 0 P o s te r io r ly  in X ♦ 8 .70
o b liq u e la c r im a l Y + 11.34 te m p o ra l- Y -7 .1 8
fo s s a Z -1 5 .4 6 in fe rio r
q u a d ra n t
7. 0
S u p e r io r F u n c t io n a l X -1 5 .2 7 P o s te r io rly  in X + 2.90
o b liq u e o r ig in  a t Y + 8.24 te m p o ra l- Y -4 .4 1
tr o c h le a Z + 12.25 su p e r io r
q u a d ra n t
Z + 11.05
Table 14.2 Coordinates of origin and insertion of the extraocular 
muscles. (After Scott, 1986).
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Stress
Y o u n g 's  M o d u lu s  = g - - - j -
Figure 14.1 Each muscle can be considered to run in a straight line 
from its origin (0), to a point of tangency (T), where it first 
touches the globe, and thence to the anatomic insertion (I). The 
centre of rotation of the globe is (C) and these points define the 
muscle plane.
Stress
Strain
 Load_or Force  _
Cross-sectional area
Original length
T h e  r a d i i  o f  t h e  e y e  c a n  b e  o b t a i n e d  f r o m  t h e  c o o r d i n a t e s  
o f  t h e  p o i n t s  o f  i n s e r t i o n  o f  e a c h  m u s c le  ( T a b l e  1 4 . 2 ;  
S c o t t ,  1 9 8 6 ) .  A t  t h e  i n s e r t i o n  o f  t h e  l a t e r a l  r e c t u s ,  t h e  
r a d i u s  w a s  1 1 . 7  mm, a t  t h e  i n s e r t i o n  o f  t h e  m e d i a l  r e c t u s  
1 3 . 1  mm a n d  b o t h  s u p e r i o r  a n d  i n f e r i o r  r e c t i  w e r e  1 3  mm. 
T h e  s t r a i n  f o r  t h e  l a t e r a l  r e c t u s  w a s :
4 0 + 1 1 . 7((>
G = ------------------------ 1 = 0 . 29(f) ( 1 4 - 2 )
4 0
€ = 0 . 2 9 x 0 . 0 1 7 = 5 x l 0 ” 3 / d e g r e e = 0 . 5 % / d e g r e e  ( 1 4 - 3 )
w h i l e  f o r  t h e  m e d i a l  r e c t u s :
3 9 + 1 3 . 1(f)
G = ------------------------ 1 = 0 . 34(f) ( 1 4 - 4 )
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€ = 0 . 3 4 x 0 . 0 1 7 x l 0 ” 3 / d e g r e e = 0 . 5 7 % / d e g r e e  ( 1 4 - 5 )
w h i l e  f o r  t h e  s u p e r i o r  a n d  i n f e r i o r  r e c t i  t h e  s t r a i n  w a s :
€ = 0 . 3 2 5 0 = 5 . 5 x l 0 “ 3 / d e g r e e = 0 . 5 5 % / d e g r e e  ( 1 4 - 6 )
T a b l e  1 4 . 3  l i s t s  t h e  s t r a i n s  a n d  c o r r e s p o n d i n g  s t r e s s e s  
t a k i n g  t h e  c r o s s - s e c t i o n a l  a r e a s  f o r  t h e  h o r i z o n t a l  r e c t i  
a s  1 6 . 9  mm , a n d  v e r t i c a l  r e c t i  1 3 . 1  mm ( S c o t t ,  1 9 8 6 ) .
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Rotation (deg) Strain e % Stess a  
(mN/mm2)
Young’s 
modulus (kPa)
Lateral
rectus
5 2 . 5 3 1 2 0
10 5 5 . 7 114
15 7 . 5 8 . 2 109
2 0 10 9 . 9 99
25 1 2 . 5 1 1 . 6 92
3 0 15 13 87
Medial
rectus
5 2 . 9 2 . 7 95
10 5 . 7 4 . 5 7 8 . 9
15 8 . 6 6 . 7 7 8 . 4
2 0 1 1 . 4 8 . 9 7 8 . 1
2 5 1 4 . 3 11 7 7 . 2
3 0 1 7 . 1 1 2 . 6 7 3 . 7
35 20 1 4 . 1 7 0 . 6
4 0 2 2 . 8 1 6 . 2 7 1 . 1
Superior
rectus
5 2 . 8 5 183
10 5 . 5 9 . 1 165
15 8 . 3 1 2 . 7 1 5 3 . 6
2 0 11 1 6 . 6 1 5 1 . 3
25 1 3 . 8 2 0 . 2 147
30 1 6 . 5 24 1 4 5 . 3
Inferior
rectus
5 2 . 8 4 . 1 1 4 7 . 3
10 5 . 5 8 . 2 1 4 9 . 8
15 8 . 3 1 1 . 9 144
20 1.1 1 5 . 6 1 4 1 . 6
25 1 3 . 8 1 9 . 3 1 4 0
30 1 6 . 5 2 3 . 4 1 4 1 . 5
Table 14.3 Calculated strain, stress and Y oung’s modulus for the recti
m uscles.
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T h e  v a l u e s  o b t a i n e d  i n  t h i s  s t u d y  f o r  Y o u n g 's  m o d u lu s  w e r e  
1 0 3  k P a  + / -  1 2 . 9 4  k P a  f o r  t h e  l a t e r a l  r e c t u s ,  7 7 . 8  k P a  + / -  
7 . 7  k P a  f o r  t h e  m e d i a l  r e c t u s ,  1 5 8  k P a  + / -  1 4  k P a  f o r  t h e  
s u p e r i o r  r e c t u s ,  a n d  1 4 4  k P a  + / -  3 . 7  k P a  f o r  t h e  i n f e r i o r  
r e c t u s  a n d  s h o w e d  d e c r e a s i n g  v a l u e s  b y  i n c r e a s i n g  t h e  
s t r a i n .  F u n g  ( 1 9 8 1 )  r e p o r t e d  s i m i l a r  r e s u l t s  i n  t e s t i n g  
s m o o th  m u s c le  i n  v i t r o ,  a n d  o b t a i n e d  v a l u e s  o f  1 5 0  k P a  a n d  
7 7  k P a  f o r  t w o  d i f f e r e n t  s t r a i n  r a t e s .
14.2.3 Influence of Trauma and Disease on Ocular Motility
T h e  d e t e c t i o n  o f  m o t i l i t y  d i s o r d e r  o f  t h e  e y e  u s i n g  b i o ­
m e c h a n i c a l / t i s s u e  c h a r a c t e r i s a t i o n  p r i n c i p l e s  h a s  b e e n  
r e p o r t e d  b y  a  n u m b e r  o f  i n v e s t i g a t o r s .  H o w e v e r ,  t h e s e  i n ­
v e s t i g a t o r s  h a v e  g e n e r a t e d  l i m i t e d  d a t a ,  a n d  c o n s e q u e n t l y  
t h e  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  i s  o f  l i m i t e d  c l i n i c a l  
r e l e v a n c e .  T h e  s y s te m  d e v e l o p e d  f o r  t h i s  s t u d y  a n d  t h e  
d a t a  o b t a i n e d  h a s  e n a b l e d  a  m o re  d e t a i l e d  a n a l y s i s .
T h e  p r e s e n t  s t u d y  h a s  c o n f i r m e d  t h e  i m p o r t a n c e  o f  b o t h  
t e s t s  b e i n g  p e r f o r m e d  a l o n g s i d e  e a c h  o t h e r .
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14.2.4 FDT and FGT Values
B l o w - o u t  f r a c t u r e  c a s e s
( 1 )  W i t h  s o f t  t i s s u e  e n t r a p m e n t  ( 1 3  p a t i e n t s ) :
T h e  g e n e r a l  c h a r a c t e r i s t i c  o f  t h e  f o r c e - r o t a t i o n  i s  t h a t  
t h e  v a l u e s  i n i t i a l l y  f a l l  w i t h i n  t h e  95%  c o n f i d e n c e  l i m i t s  
o f  n o r m a l  s u b j e c t s ,  b u t  r i s e  a b r u p t l y  t o  h i g h e r  v a l u e s  a t  
l a r g e r  r o t a t i o n s  a t  a n  a n g l e  w h ic h  c o r r e s p o n d s  t o  t h e  
o n s e t  o f  d i p l o p i a  w h e n  t e s t i n g  t h e  f i e l d  o f  b i n o c u l a r  
s i n g l e  v i s i o n  ( c a s e s  2 & 3 ) .  T h i s  c a n  b e  a c c o u n t e d  f o r  b y  
a n  i n c r e a s e  i n  t h e  f r i c t i o n a l  f o r c e s  d u e  t o  e n t r a p m e n t  o f  
s o f t  t i s s u e  a d j a c e n t  t o  t h e  m u s c u l a t u r e ,  o r  e n t r a p m e n t  o f  
t h e  s o f t  t i s s u e  a d j a c e n t  t o  t h e  p o i n t  o f  e x t e n s i o n s  
r e q u i r i n g  a  g r e a t e r  f o r c e .  A t  t h i s  p o i n t ,  t h e  a c t u a l  
m u s c le  f o r c e s  s u p p l i e d  b y  i n n e r v a t i o n  a r e  n o t  s u f f i c i e n t l y  
l a r g e  t o  o v e r c o m e  t h e  m e c h a n i c a l  r e s i s t a n c e  t o  r o t a t i o n  o f  
t h e  e y e b a l l .  FG T v a l u e s  f o r  t h e  m u s c le s  i n v o l v e d  w e r e  
u s u a l l y  w i t h i n  t h e  n o r m a l  c o n f i d e n c e  r a n g e  ( 2 ,  3 & 5 ) .
( 2 )  P r o b a b l e  b r u i s e d  m u s c le  ( 3  p a t i e n t s ) :
V a l u e s  f o r  t h e  F D T  w e r e  h i g h e r  t h a n  t h e  n o r m a l  95% c o n f i ­
d e n c e  l i m i t s  i n  b o t h  d i r e c t i o n s  o f  m u s c le  p u l l  a t  a l l  
a n g l e s  f o r  c a s e s  6 a n d  7 .  T h i s  w a s  a c c o m p a n ie d  b y  lo w  FG T  
v a l u e s  c o r r e s p o n d i n g  t o  i n j u r y  s u s t a i n e d  b y  t h e  m u s c le .
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(3) Lateral rectus palsy (4 patients):
T h e  F D T  v a l u e s  i n  t h e  m e d i a l  d i r e c t i o n  w e r e  l o w e r  t h a n  t h e  
95% c o n f i d e n c e  r a n g e  d u e  t o  t h e  l o s s  o f  t o n e  i n  t h e  l a t e ­
r a l  r e c t u s  m u s c l e .  T h e  FG T  v a l u e s  f o r  t h e  l a t e r a l  r e c t u s  
w e r e  c o n s i d e r a b l y  l o w e r  t h a n  t h e  95%  n o r m a l  c o n f i d e n c e  
l i m i t s  i n  a c c o r d a n c e  w i t h  t h e  d e g r e e  o f  p a r a l y s i s .
1 4 . 2 . 5  Q u a l i t a t i v e  E f f e c t s
I n  a d d i t i o n  t o  t h e  q u a n t i t a t i v e  a n a l y s i s  o f  t h e  c u r v e s  i n  
c h a p t e r  7 ,  q u a l i t a t i v e  a n a l y s i s  o f  t h e  r o t a t i o n  c u r v e s  w a s  
a l s o  p e r f o r m e d .  T h i s  t o o k  i n t o  c o n s i d e r a t i o n  t h e  f o l l o w i n g  
f e a t u r e s :  ( a )  r o u g h n e s s  o f  t h e  l o a d i n g  a n d  u n l o a d i n g
c u r v e s  ( b )  l i n e a r i t y  a n d  t h e  n a t u r e  o f  d e p a r t u r e s  f r o m  
l i n e a r i t y ,  a n d  ( c )  h y s t e r e s i s  ( a r e a  b e t w e e n  l o a d i n g  a n d  
u n l o a d i n g  c u r v e s ) .  T h e  a n a l y s i s  p r e s e n t e d  i n  t h e  
f o l l o w i n g  s e c t i o n s  r e v e a l e d  d i f f e r e n c e s  b e t w e e n  t h e  
d i f f e r e n t  p a t i e n t  g r o u p s .
( a )  R o u g h n e s s  ( r e c o r d i n g  i r r e g u l a r i t i e s )
A s  i l l u s t r a t e d  i n  f i g u r e  1 3 . 4 ,  s m a l l  r a n d o m  i r r e g u l a r i t i e s  
w e r e  s u p e r im p o s e d  o n  b o t h  l o a d i n g  a n d  u n l o a d i n g  c u r v e s .  
T h e s e  w e r e  o b s e r v e d  i n  n o r m a l  s u b j e c t s .  A s i m i l a r  p a t t e r n  
w a s  o b s e r v e d  f o r  t h e  p a t i e n t s  b u t  t h e  i r r e g u l a r i t i e s  w e r e  
m o re  p r o n o u n c e d ,  p e r h a p s  b e c a u s e  t h e  p a t i e n t s  w e r e
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a p p r e h e n s i v e  a n d  l e s s  r e l a x e d  t h a n  t h e  n o r m a l  v o l u n t e e r s .  
I r r e g u l a r  n o n - r e p r o d u c i b l e  c u r v e s  w i t h  m a r k e d  p e a k s  i n  t h e  
s u p e r i o r  d i r e c t i o n  ( P i g s  1 3 . 9  & 1 3 . 1 6 )  w e r e  o b s e r v e d  i n  2  
( 1  & 4 )  o f  1 3  p a t i e n t s  w h o  h a d  a  b l o w - o u t  f r a c t u r e  w i t h  
e n t r a p m e n t .  T h e  c u r v e s  a l s o  s h o w e d  s u d d e n  s p i k e s  o f  
i n c r e a s i n g  l o a d ,  p o s s i b l y  d u e  t o  s t e p w i s e  r e l e a s e  o f  
e n t r a p p e d  t i s s u e  w h i l e  s t r e t c h i n g  t h e  m u s c l e .  S u c h  a  
" t h e r a p e u t i c  e f f e c t "  o f  t h e  f o r c e d  d u c t i o n  t e s t  h a s  b e e n  
r e p o r t e d  p r e v i o u s l y  ( D e l p l a c e  & P o l e t t i ,  1 9 7 6 ) .
H o w e v e r ,  p a t i e n t  ( 1 )  a l s o  e x h i b i t e d  h i g h l y  r e p r o d u c i b l e  
i r r e g u l a r i t i e s  d u r i n g  t h e  u n l o a d i n g  p h a s e  o f  t h e  t e s t  i n  
t h e  i n f e r i o r  d i r e c t i o n ,  w h ic h  c o u l d  b e  d u e  t o  t e t h e r i n g ,  
g e n e r a t i n g  a  r e s i s t i n g  f o r c e  w h ic h  p r e v e n t e d  t h e  e y e  f r o m  
p r o g r e s s i n g  i n t o  t h e  p r i m a r y  p o s i t i o n ,  t h u s  l o o s e n i n g  t h e  
s te m  i n  t h e  f o r k  a n d  h e n c e  d r o p p i n g  t h e  m e a s u r e d  f o r c e s  t o  
z e r o .
S u b j e c t  ( 6 ) ,  o n e  o f  tw o  w h o  p r o b a b l y  h a d  a  b r u i s e d  
i n f e r i o r  r e c t u s  m u s c le ,  s h o w e d  a  m a r k e d ly  i r r e g u l a r  c u r v e  
b e h a v i o u r  d u r i n g  b o t h  l o a d i n g  a n d  u n l o a d i n g  p h a s e s  o f  t h e  
t e s t s  i n  t h e  s u p e r i o r  d i r e c t i o n .  T h i s  m i g h t  h a v e  b e e n  
c a u s e d  b y  t h e  e n l a r g e d  m u s c le  s i z e  a s  a  s e q u e n c e  o f  o e d e m a  
a n d  h a e m a to m a .
P a t i e n t s  i n  t h e  o t h e r  g r o u p s  d i d  n o t ,  i n  g e n e r a l ,  s h o w  
p r o n o u n c e d  i r r e g u l a r i t i e s .
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( b )  D e p a r t u r e  f r o m  l i n e a r i t y
T h e  f o r c e - r o t a t i o n  r e s u l t s  o b t a i n e d  f r o m  t e s t s  o n  n o r m a l  
s u b j e c t s  w e r e  l i n e a r .  T h o s e  o b t a i n e d  f r o m  p a t i e n t s  w e r e  
c o m m o n ly  n o n - l i n e a r .  T h e y  c o u l d  b e  c l a s s i f i e d  a s  s h o w in g  
e i t h e r  a  m o n o t o n i c a l l y  i n c r e a s i n g  g r a d i e n t  w i t h  r o t a t i o n  
( c a s e  2 ,  F i g  1 3 . 1 1 ,  s u p e r i o r  d i r e c t i o n ) ,  o r  i r r e g u l a r  
c u r v e s  ( F i g  1 3 . 2 2 ) .
G e n e r a l l y ,  p a t i e n t s  w i t h  b l o w - o u t  f r a c t u r e  w i t h  e n t r a p m e n t  
s h o w e d  m o n o t o n i c a l l y  i n c r e a s i n g  c u r v e s  ( c a s e  1 a n d  2 )  w h e n  
t e s t i n g  t h e  a f f e c t e d  m u s c le ,  w h ic h  m a y  b e  c a u s e d  b y  t h e  
i n c r e a s e d  f o r c e s  r e q u i r e d  t o  s t r e t c h  t h e  m u s c le  w i t h  t h e  
e n t r a p p e d  t i s s u e .  U s u a l l y ,  t h e  c u r v e  f o r  t h e  a f f e c t e d  
m u s c le  f o l l o w i n g  e n t r a p m e n t  c o m p r is e s  tw o  d i s t i n c t  
s e g m e n ts  ( e g  c a s e  2 ) .  T h e  s e g m e n t  c o r r e s p o n d i n g  t o  t h a t  
o b s e r v e d  w i t h  n o r m a l  s u b j e c t s  i s  f o l l o w e d  b y  a n  i n c r e a s e  
i n  s l o p e  c h a n g e  w h ic h  a p p e a r s  t o  c o r r e s p o n d  w i t h  t h e  a n g l e  
o f  o n s e t  o f  d i p l o p i a .
O f  t h o s e  w i t h  t r a u m a ,  o n e  c a s e  ( 6 )  s h o w e d  a  s l i g h t  m o n o ­
t o n i c a l l y  i n c r e a s i n g  f o r c e  ( F i g  1 3 . 1 7 ) ,  w h ic h  m i g h t  b e  d u e  
t o  e n l a r g e m e n t  o f  t h e  m u s c le  p r o d u c e d  b y  o e d e m a .
A l l  f o u r  p a t i e n t s  w i t h  l a t e r a l  r e c t u s  p a l s y  s h o w e d  i r r e ­
g u l a r  c u r v e s  i n  t h e  l a t e r a l  d i r e c t i o n  ( F i g  1 3 . 2 2 ) ,  a n
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i n d i c a t i o n  o f  t h e  r e d u c t i o n  i n  t h e  t o n e  o f  t h e  l a t e r a l  
r e c t u s  m u s c le  a n d  h e n c e  s l a c k n e s s .
( c )  H y s t e r e s i s  l o o p
T h e  s i z e  o f  t h e  h y s t e r e s i s  l o o p  w i l l  d e p e n d  o n  t h e  e l a s t i c  
n a t u r e  o f  t h e  m u s c le  ( S c o t t ,  1 9 8 6 )  a n d  a n y  f r i c t i o n a l  
e f f e c t s .  I n  g e n e r a l ,  i t  c a n  b e  e x p e c t e d  t o  i n c r e a s e  w i t h  
t h e  p r e s e n c e  o f  f l u i d s  e g  h a e m a to m a  o r  o e d e m a , a n d  
d e c r e a s e  w i t h  f i b r o s i s .  B a c k l a s h  d u e  t o  t h e  g e a r  h e a d  o f  
t h e  m o t o r  m ay  h a v e  c o n t r i b u t e d  t o  t h e  h y s t e r e s i s ,  b u t  t h i s  
i s  a  c o n s i s t e n t  a n d  r e p r o d u c i b l e  p h e n o m e n o n . B y  c o n t r a s t ,  
t h e  h y s t e r e s i s  o b s e r v e d  w a s  v a r i a b l e  i n  i t s  c h a r a c t e r ­
i s t i c s  a n d  r e l a t e d  t o  t h e  p a t i e n t  g r o u p  b e i n g  s t u d i e d .  
T h u s ,  b a c k l a s h  i s  u n l i k e l y  t o  h a v e  m a d e  a  s i g n i f i c a n t  
c o n t r i b u t i o n .
T h e  r e s u l t s  o f  b l o w - o u t  f r a c t u r e  c a s e s  w i t h  s o f t  t i s s u e  
e n t r a p m e n t  s h o w e d  t h a t  n o r m a l  h y s t e r e s i s  lo o p s  w e r e  
p r e s e n t  a p a r t  f r o m  t h e  tw o  p a t i e n t s  w i t h  i r r e g u l a r  c u r v e  
p a t t e r n s  w h ic h  r e p r e s e n t  a  s e c o n d a r y  c a u s e  f o r  a  l a r g e r  
h y s t e r e s i s  l o o p  ( c a s e  1 a n d  4 ) .
B o th  p a t i e n t s  w i t h  a  b r u i s e d  m u s c le  ( c a s e  6 & 7 )  e x h i b i t e d  
a  l a r g e  h y s t e r e s i s  l o o p .  T h i s  w a s  p r e s u m a b l y  d u e  t o  t h e  
f l u i d  f i l l i n g  o f  t h e  m u s c le  ( o e d e m a /h a e m a to m a )  c a u s i n g  a n  
i n c r e a s e d  v i s c o u s  c o m p o n e n t .
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These patients also exhibit a greater reproducibility of 
successive recordings but the initial recordings are not 
significantly different from the subsequent ones. In both 
cases there is a greater irregularity in the recordings 
for FDT in both directions, which is consistent with 
greater damage to the inferior rectus in each case.
Small hysteresis loops in both lateral and medial 
directions were observed in all four cases of lateral 
rectus palsy, which may be due to loss of muscle tissue 
and relatively more fibrous tissue in the lateral rectus, 
accompanied by diminished compliance of the medial rectus.
14.3 THE RELATIONSHIP BETWEEN FGT, FDT AND DIPLOPIA
The FDT results show that significant forces are required 
to rotate the eye even when the muscle being stretched is 
relaxed. The force required to overcome this passive 
resistance and move the eyeball is produced by the anta­
gonistic muscle, and its value has been measured at 
specific rotations of either 30° (superior and inferior 
rectus) or 35° (lateral and medial rectus) by the FGT.
In the normal subjects, the value obtained from the FGT 
was invariably greater than the FDT value required to 
stretch the same muscle by rotating the eye to the angle 
used for the FGT. This, presumably, reflects the ability
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of the normal eye muscles to produce the eye movements 
required to maintain binocular vision.
All patients in the blow-out fracture group showed a 
marked reduction in the ratio of the values of FGT of the 
muscle to FDT for the antagonist muscle at the same eye
rotation (Table 14.4).
Mean Range
Normal Subjects 1.15 1 .1 0 -1 . 2 2
Trauma 0.59 0.47-0.79
Palsy 0.31 0.14-0.50
Table 14.4 FGT/FDT ratio for normal subjects and for the 
different patients' groups.
There is a functional association between the FGT/FDT 
ratios and the occurrence of diplopia, with all patients 
showing diplopia having a ratio of less than 1. However, 
the FGT/FDT ratio may not be very helpful for low values 
in cases with muscle bruising or paresis, in which case, 
electromyography or ultrasound could be used to differen­
tiate between the two conditions.
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The results of the BSV test obtained for patient 2, who 
had muscle entrapment, were quantified using the method of 
Woodruff et al (1987). The results obtained during the 3 
sequential visits by the patient are displayed in figure 
14.2, and for this patient there is a strong positive cor­
relation between the two variables. No general conclusion 
can be drawn for a single patient and more data is req­
uired. It does appear, however, that unless the FGT is 
greater than the FDT in the antagonist muscle, measured at 
the same angle, there will be limitation of eye rotation 
and resultant diplopia.
Table 14.5 summarises the results presented in this
section of thesis.
14.4 COMPARISON WITH ANTAGONIST MUSCLES
FDT values were plotted against each other for the same
angle (at 5° increments of rotation) for the same merid­
ians both horizontally (Fig 14.3A) and vertically (Fig
14.3B).
Normal control results (Fig 14.3) showed an almost linear 
relationship very close to the unit slope of equal force 
at equal rotation.
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BSV Scoring %
100
90 Visit 3
8 0
Visit 2
7 0
Visit 1
6 0
5 0
0 . 5 1 . 5 21 <0
FGT/FDT
Figure 14.2 Illustrates the relationship between B.S.V. scoring and 
FGT/FDT ratio for patient 2. First and second visits 
before surgery. Third visit after surgery.
S u b je c t D iag n o sis D ire c tio n  
o f  p u ll
D iplopia
d ire c tio n
F D T F G T F G T
/
F D TL inear
95
%
>
95
%
<
95
%
95
%
>
95
%
<
95
%
1 Inferior S u p e rio r Y N - Y - - - - -
entrapm ent In fer io r - Y ■ Y - ■ *
2 Inferior S u p erio r Y N . Y - Y - 0.7*
entrapm ent In ferio r Y Y - Y - Y 0 .88
5 S u p erio r Y N - Y - Y - 0 .68
Inferio r Y Y Y - * Y “ 0.93
4 _ S u p e rio r Y N - Y - - - -
In ferio r Y N - - Y - ■ “ *
3 Inferior S u p erio r Y N - Y - - - Y 0 .38
prolapse
6 Inferior S u p erio r Y Y . Y - - Y 0 .46
bruising. In ferio r N N - Y - - Y 0.5
7 = S u p erio r N Y . Y - Y - 1
Inferio r Y Y - Y - - Y 0 .3 8
8 M edial L ateral Y N - Y - - Y 0.57
bru ising M edial N N - Y - - Y "
10 L ateral pa lsy L ateral Y N . - Y - Y 0 .4
M edial N N - - Y - Y ■ 1.76
11 L ateral Y N _ . Y - - Y 0 .13
M edial N N - Y Y - - 4.4
12 L ateral Y N . . Y - - Y 0.5
M edial N N - - Y Y - - 2 .4
13 L ateral Y N _ Y Y - - Y 0 .2
M edial N N Y - - Y * ■ 0 .9 8
Tf^Kip* 1 4 . 5  summary of the abnormalities detected in the different 
patients' groups. Although there are too few patients to test the 
sensitivity or selectivity of the group of interest, seme conclusions 
can be made.
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 Normal horizontal range
Medial FDT (mN)
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100
200 300100 4000 500
Lateral FDT (mN)
 Normal vertical range
Inferior FDT (mN)
500
400
300
200
100
300 4 0 0 5002001000
Superior FDT (mN)
Fig 14. 3 FDT results relationship in the same meridian at* intervals of 5° 
for 10 normal controls. The boundaries for the normal range were drawn 
to show the narrow band in which the normal data fall.
A) Horizontal meridian B) Vertical meridian
This method was applied to the different patient groups 
and showed different patterns of response due to their 
abnormalities.
Patients with inferior entrapment showed a monotonically 
decreasing pattern (Fig 14.4a ), with the FDT in the infer­
ior direction initially being higher than the FDT in the 
superior direction. However, in the later part of these 
curves the situation is reversed with the curves crossing 
the unitary slope. The cross over point coincided with 
the angle for which the BSV test detected the onset of 
diplopia.
Patients with trauma (bruises/haematoma) showed a monoton­
ically increasing curve pattern (Fig 14.4B), with most of 
the points being above the unit gradient, particularly at 
large rotations. This is due to the increased forces 
required to compress the bruised and enlarged inferior 
rectus compared to those required to stretch the same 
muscle.
Non-linear irregular curve patterns were observed in the 
group of patients with lateral rectus palsy (Fig 14.4C) as 
a sequence to the paralysed lateral rectus muscle and loss 
of tone. The points were also compressed into a smaller 
area than normal.
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400;
300
200
100
0 100 200 300 400 500
Superior FDT (mN) 
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500
400
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200
100
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Superior FDT (mN)
Figure 14.4 Continue
Lateral Palsy 
Medial FDT (mN) @ - 1 0  +- 1 1  *- 1 2  x-13
500
400
300
200
. K
100
100 2000 300 400 500
Lateral FDT (mN)
Figure 14.4 FDT results plotted against each other in the 
same meridian. A: 3 patients with inferior 
muscle entrapment, B: 3 patients with bruised 
muscles, C: 4 patients with lateral palsy.
14.5 CONCLUSIONS
The test system described provided a reliable and accep­
table means for carrying out quantitative forced duction 
and force generation tests. The developmental steps 
improved the system and highlighted the disadvantages of 
previous designs.
The normal results fall within a relatively narrow range 
and the patient tests show that specific eye muscle 
deficits produce different patterns of results falling 
outside the normal range, and these are specific to the 
underlying pathology.
14.6 SUGGESTIONS FOR FUTURE WORK
The present system is designed for use in the out-patient 
department. A further step would be to modify the design 
to allow it to be used on patients under general anaes­
thesia before, during and after surgery.
The FGT provides valuable additional information to supp­
lement the FDT results. The design should be modified to 
improve the FGT by activating a target to travel at a 
fixed speed of 16.7 deg/sec, the same as that of the FDT, 
thus producing a force generation/angle output.
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Studying the pattern of the force-rotation curve for the 
FGT may yield valuable information about the innervation, 
nature and extent of disturbances in strabismus. Accurate 
FG and FD testing may prove useful in planning surgical 
management•
High FGT values were observed in muscles functioning 
against restriction of the antagonist muscles in patients 
with dysthyroid-eye disease (Metz, 1985). High FDT values 
were also obtained for the restricted fibrosed muscles in 
both horizontal and vertical directions. The developed 
equipment would be useful in studying ocular motility 
disorders in thyroid-eye patients and in planning future 
management.
Since the equipment can be oriented in all meridians, 
establishing a normal data base for the 45° meridian could 
help in the diagnosis of Brown's syndrome by determining 
the forces required to cause elevation in adduction.
More data and patients with different abnormalities are 
needed for the development of an expert system and a sys­
tematic study is required to detect features correlating 
with disease/abnormalities combined with automatic detec­
tion of abnormalities in output eg roughness and non- 
linearity of the FDT.
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The current design is based on the assumption that the 
average diameter of the eye is 25.5 mm (Tortora & 
Anagnostakos, 1984), and the average distance from the 
cornea to the centre of rotation of the eye is 13.5 mm 
(Scott, 1986). These figures, although applicable to the 
present study, may not be representative of the entire 
population of subjects studied. The assumption that the 
eye is an ideal ball, and the fact that the centre of 
rotation is not fixed but travels on a centrode 
(Carpenter, 1988; Fry & Hill, 1963 & 1962), may be an
additional factor contributing to the introduction of 
alterations in the length of the stem coupled to the fork; 
consequently the stem and fork do not remain aligned at 
all times.
The alterations become more pronounced in trauma/disease, 
where additional factors like oedema, fibrosis etc could 
be introduced. This problem has to be looked at carefully 
in future investigations.
A system of recording would initially be required in order 
to provide the basis for appropriate mathematical modell­
ing for the eye movement, and using that model to correct 
the data acquired from the present system.
The apparatus described has been designed and built simply 
as a prototype. The results obtained indicate that there
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may well be an international market for a purpose built 
piece of equipment, built to the specifications described 
in this thesis. The test system incorporated a computer 
and the clinical usefulness of the device would be augmen­
ted by the development of an expert system to characterise 
the data.
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2 C a r  (b a c k  s e a t ) 9 S p o r t
3 M o t o r c y c le 1 0 I n d u s t r i a l
4 O th e r  RTA 11 B la c k - o u t
5 A l le g e d  a s s a u l t 1 2 E p i le p s y
6 A s s a u lt  + A lc o h o l 13 O th e r
A m n e s ia
0 A b s e n t 2 P o s t - t r a u m a t ic
1 R e t r o g r a d e 3 B o th
0 7  S e v e r i t y  o f  A m n e s ia
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S e v e r e  ( 1 - 7  d a y s )  
V e r y  s e v e r e  ( 1 - 4  
E x t r e m e ly  s e v e r e  
(> 4  w e e k s )
0 8  P r e - o p e r a t iv e  O p h th a lm ic  A s s e s s m e n t
0 No 1 Y e s
w e e k s )
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1 G la s s e s
2 A m b ly o p ia
3 S q u in t
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0  N e i t h e r
1 R ig h t
11 Malar Fracture Sites
0  No m a la r  f r a c t u r e
1 T y p e  I
2 T y p e  I I
3 T y p e  I I I
4  T y p e  IV
12 Maxillary Fracture Sites
0  N o m a x i l l a r y  f r a c t u r e
1 L e  F o r t  I
2 L e  F o r t  I I
13 Other Fracture Sites
0 N o n e
1 N .O .E .
2 N a s a l
1 4  T r e a tm e n t
0 N i l
1 E l e v a t io n
2 E l e v a t io n + P in s
3 E l e v a t io n + K w ir e
4 E l e v a t io n + W ir e s
5 E n .+  P in s + W ir e s
6 E n .+  W ir e + K w ir e
7 E n .+  P a c k
8 E n .+  P a c k + W ir e s
1 5  M o t i l i t y  A b n o r m a li t y
0  A b s e n t
1 6  M a n i f e s t  D e v ia t io n  i n  t h e
0  A b s e n t
1 7  S ym p to m s  o f  D ip lo p ia
0  N o n e
1 D a ta  n o t  a v a i l a b l e
2 M i ld
1 8  D ip lo p ia  o n  E x a m in a t io n
0  A b s e n t
1 C lo s e  t o  m id l in e
4  S u r g e r y
5 O ld  E y e  I n j u r y
6  O t h e r
2 L e f t
3 B o th
5 T y p e  V
6 T y p e  V I
7 T y p e  V I I
8  U n d e f in e d /o t h e r
3 L e  F o r t  I I I
4  C o m b in a t io n
3 S k u l l  ( o c c i p i t a l )
4  S k u l l  ( t e m p o r a l )
5 S k u l l  ( f r o n t a l /
s u p r a - o r b i t a l )
9 E n .+  P in s  + P a c k
1 0  E n .+  K w i r e  +  P a c k
11  E n .+  W ir e s  + P in s  + P a c k
1 2  O r b . f l o o r  e x p lo r a t i o n
1 3  0 . F . E . +  S i l a s t i c
1 4  0 . F . E . +  P a c k
1 5  0 . F . E . +  O t h e r
1 6  C o m b in a t io n  & O th e r s
1 P r e s e n t
P r im a r y  P o s i t io n
1 P r e s e n t
3 M o d e r a te
4  S e v e r e
2 I n  e x t r e m e  g a z e
3 A f t e r  S u r g e r y
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20
21
22
23
24
25
26
27
28
29
30
Pain on Eye Movement
0 A b s e n t 2
1 On e le v /d e p r e s s io n  3
Convergence Insufficiency
0 A b s e n t
1 U n kn o w n  d e g r e e  3
2 M i ld  4
On a d d /a b d u c t io n  
C o m b in a t io n /a l l  m o v e .
M o d e r a te
S e v e r e
Extra-ocular Movement Restriction
0 N o n e  5 On a d d u c t io n
1 On e l e v a t i o n  6
2 On d e p r e s s io n  7
3 On e le v /d e p r e s s io n  8
On a d d /a b d u c t io n  
C o m b in a t io n  
F ix e d  e y e
Entrapment of Soft Tissue
0 N o n e
1 F lo o r  e n t r a p m e n t  3
2 M e d ia l  w a l l  e n t r a p m e n t  4
Nerve Palsies
0 N o n e
1 I l l f  s u p e r io r  b r a n c h  4
2 I I I ,  i n f e r i o r  b r a n c h  5
3 IV  n e r v e  6
R o o f e n t r a p m e n t  
C o m b in a t io n
V I  n e r v e
V I I  n e r v e  
C o m b in a t io n
Injury to Trochlea
0 No 1 Y e s
Muscle Exercises
0 No 1 Y e s
Squint Surgery
0 No Y e s
Recovery of Diplopia
0 No d i p l o p i a
1 < 1 D a y
2 1 D a y  -  1 W eek
3 1 W eek  -  1 M o n th
4  1 - 6  M o n th s
5 7 - 1 2  M o n th s
6 > 1 2  M o n th s
Head Posture
0 No Y e s
Eye Abnormality
0 No Y e s
Post-traumatic Neuralgia/anaesthesia
0 N o n e  3 Z y g o m a t ic o - te m p o r a l
1 S u p r a - t r o c h l e a r  4  Z y g o m a t ic o - f a c ia l
2 S u p r a - o r b i t a l  5 I n f r a - o r b i t a l
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3 1 E y e  D is p la c e m e n t
0  N o n e
1 U p d is p la c e m e n t 3 M e d ia l  d is p la c e m e n t
2 Dow n d is p la c e m e n t 4 L a t e r a l  d is p la c e m e n t
3 2 D u r a t io n  o f  D is p la c e m e n t
0  T e m p o ra ry 1 P e rm a n e n t
3 3 P r o p t o s is
0  A b s e n t 1 P r e s e n t
3 4 E n o p h th a lm o s
0  A b s e n t 1 P r e s e n t
3 5 R e t r o b u lb a r  H a e m o rrh a g e
0  A b s e n t 1 P r e s e n t
3 6 O r b i t a l  E m ph ysem a
0 A b s e n t 1 P r e s e n t
3 7 E y e l id  I n j u r y
0  A b s e n t
1 S w e l l in g /b r u is i n g 2 L a c e r a t io n
3 8 C o n ju n c t iv a l  I n j u r y
0  A b s e n t 2 S u b c o n j. h a e m o rrh a g e
1 C h e m o s is 3 L a c e r a t io n
3 9 C o r n e a l D am ag e
0 N o n e 2 P u n c tu r e  w o u n d
1 A b r a s io n 3 L a c e r a t io n
4 0 S c l e r a l  I n j u r y
0  N o n e
1 P a r t i a l  t h ic k n e s s 2 F u l l  t h ic k n e s s
4 1 T r a u m a t ic  P u p i l l a r y  C h a n g e s
0 N o n e
1 T r a u m a t ic  m y d r ia s is 3 T r a u m a t ic  m io s is
2 S p h in c t e r  r u p t u r e 4 H ip p u s
4 2 I r i s  D am ag e
0  N o n e
1 I r i d o d i a l y s i s 2 H y p h a e m a
4 3 A n g le  R e c e s s io n
0  N o n e
1 < 9 0 ° 3 1 8 0 °  -  2 7 0 °
2 9 0 °  -  1 8 0 ° 4 2 7 0 °  -  3 6 0 °
387
44 Lens Damage
0  N o n e
1 V o s s iu s ' r i n g  3
2  D is lo c a t i o n /s u b lu x a t i o n  4
T r a u m a t ic  c a t a r a c t  
R u p tu r e d  c a p s u le
45 Photo-stress Test
0  N e g a t iv e
1 P o s i t i v e 2 N o t  d o n e
46 Changes in Accommodation
0  N o rm a l f o r  a g e  2
1 M i ld  f a i l u r e  3
M o d e r a te  f a i l u r e  
S e v e r e  f a i l u r e
47 Changes in Visual Acuity
0  N o c h a n g e
1 M i ld  r e d u c t io n
2 M o d e r a te  r e d u c t io n
3 S e v e r e  r e d u c t io n
4  L o s s  o f  V i s io n
48 Visual Field Loss
0  N o lo s s
1 C e n t r a l  lo s s  3
2 P e r i p h e r a l / 1  d i r e c t i o n  4
49 Commotio Retinae
0  A b s e n t
1 M i l d / r e s o l v i n g
50 Choroidal Damage
0  N o n e
1 O ne t e a r
> O ne d i r e c t i o n  
A l l  d i r e c t i o n s
M o d e r a te
S e v e r e
> O ne t e a r  
M a c u la  in v o lv e d
51 Retinal/Vitreous Damage
0  N o n e  4
1 V i t r e o u s  f l o a t e r  5
2 V i t r e o u s  h a e m o rrh a g e  6
3 P ig m e n ta r y  r e t i n o p a t h y  7
52 Optic Nerve Damage
0 N o n e  2
1 C o n tu s io n  3
53 Naso-lacrimal Damage
0 No 1
F l a t  r e t i n a l  h o l e / t e a r  
D e ta c h m e n t , m a c u la  o n  
D e ta c h m e n t , m a c u la  o f f  
T o t a l  d e ta c h m e n t
P a r t i a l  I n j u r y  
T o t a l  d a m a g e /a v u ls io n
Y e s
54 Malingering
0 No
1 Y e s 2 N o t  k n o w n /s u s p e c te d
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A P P E N D IX  2  
D A TA  C O L L E C T IO N  S H E E T FO R  T H E  
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DATA LIST FILE
DATA L I S T  F I L E  = ' C : \ Q U R A I N Y \ A L Q D A T A . D A T '
S E R I A L N O  1 -  3
I D  5 —10
SEX 12
AGE 13
G E O D I S T  1 4 - 1 5  
MONTH 1 6 - 1 7  
C A U S E I N J  1 8 - 1 9  
A MN E S I A  2 0  
SEVAM 2 1 
P R E O P A S S  2 2  
E Y EH I S T 23  
AF F E Y E  2 4  
MA L S I T E  2 5  
MAX S I T E  2 6  
O T H S I T E  27  
TREAT 2 8 - 2 9  
MOTAB 3 0  
EYEDEV 31  
S YMD I P  3 2  
E X A D I P  3 3  
E Y E P A I N  3 4  
CONV 3 5 
EOM 3 6  
ENTRAP 3 7  
NERVPAL 3 8  
T R OC HI NJ  3 9  
E X E R C I S E  4 0  
S Q U I N T  4 1 
D I P R E C  4 2  
HE ADP OS T 4 3  
EYEAB 4 4  
NEURAN 4 5  
E Y E D I S P  4 6  
T I M E D I S P  4 7  
PROPT 4 8  
ENOTHALM 4 9  
BULBHAEM 5 0  
O R B I T A I R  51
CONI i MJ  53 
CORI N J  5 4  
S C L E R I N J  5 5 
P U P I L I N J  5 6  
I R I S I N J  5 7 
ANGREC 5 8  
L E N S I N J  5 9  
P HOTE5 T 6 0  
ACC 6 1 
VA 6 2  
VF 6 3  
COMRET 6 4  
CHORI NJ  6 5  
R E T I N J  6 6  
O P T I N J  67  
N A S L A I N J  6 8  
MALI NGER 6 9  
P A T D I S  7 0 .
V A RI A B L E  LABELS  
/ S E R I A L N O  ' S E R I A L  NUMBER'
/ I D  ' H O S P I T A L  NUMBER'
/ S E X  ' S E X '
/ A G E  ' AGE'
/ G E O D I S T  ' GEOGRAPHI CAL D I S T R I B U T I O N 1 
/ MONTH ' MONTH OF I N C I D E N T '
/ C A U S E I N J  ' CAUSE OF I N J U R Y '
/ A M N E S I A  ' A MN E S I A '
/ S E V A M ' S E V E R I T Y  OF P - T  A MN E S I A '
/ P R E O P A S S  ' P R E - O P E R A T I V E  OPHTHALMI C A S S E S S M E N T '  
/ E Y E H I S T  ' P R E V I OU S  EYE H I S T O R Y 1 
/ A F F E Y E  ' AFFECTED EYE'
/ M A L S I T E  ' MALAR FRACTURE S I T E S '
/ M A X S I T E  ' MAXI LLARY FRACTURE S I T E S '
/ O T H S I T E  ' OTHER FRACTURE S I T E S '
/ T R E A T  ' TREATMENT'
/ MOTAB ' MOT I L I T Y  ABNORMALI TY'
/ E Y E D E V  ' MA N I F E S T  D E V I A T I O N  I N PRI MARY P O S I T I O N '  
/ S Y M D I P  ' SYMPTOMS OF D I P L O P I A '
/ E X A D I P  ' D I P L O P I A  ON EX A MI NA T I ON '
/ E Y E P A I N  ' P A I N  ON EYE MOVEMENT'
/ C O N V  ' CONVERGENCE'
/ EOM ' EXTRA- OCULAR MOVEMENTS '
/ E N T R A P  ' ENTRAPMENT OF S OFT T I S S U E '
/ N E R V P A L  ' NERVE P A L S I E S '
/ T R O C H I N J  ' I N J U R Y  TO TROCHLEA'
/ E X E R C I S E  ' MUSCLE E X E R C I S E '
/ S Q U I N T  ' S Q U I N T  SURGERY'
/ D I P R E C  ' RECOVERY OF D I P L O P I A '
/ H E A D P O S T  ' HEAD POS TURE'
/ E Y E A B  ' EYE ABNORMALI TY'
/ N E U R A N  ' P OS T- TRAUMATI C N E U R A L G I A / A N A E S T H E S I A ' 
/ E Y E D I S P  ' EYE DI S P L ACE MENT '
/ T I M E D I S P  ' DURATI ON OF D I S P L A C E ME N T '
/ P R O P T  ' P R O P T O S I S '
/ ENOTHALM ' ENOPHTHALMOS'
/ B UL BHAE M ' RETROBULBER HAEMORRHAGE'
/ O R B I T A I R  ' ORBI TAL EMPHYSEMA'
/ L I D I N J  ' E Y E L I D  I NJ URY'
/ C O N I N J  ' CONJ UNCTI VAL I N J U R Y '
/ C O R I N J  ' CORNEAL DAMAGE'
/ S C L E R I N J  ' S CLERAL I N J U R Y '
/ P U P I L I N J  ' TRAUMATI C P U P I L L A R Y  CHANGES '
/ I R I S I N J  ' I R I S  DAMAGE'
/ A N GR E C  ' ANGLE R E C E S S I ON '
/ L E N S I N J  ' LENS  DAMAGE'
/ P H O T E S T  ' P H O T O - S T R E S S  T E S T '
/ A C C  ' CHANGES I N ACCOMMODATION'
/ V A  ' CHANGES I N VI S UAL A C U I T Y '
/ COMRET ' COMMOTIO R E T I N A E 1 
/ C H O R I N J  ' CHOROI DAL DAMAGE'  
/ R E T I N J  ' R E T I N A L / V I T R E O U S  DAMAGE'  
/ O P T I N J  ' OP T I C  NERVE I N J U R Y '  
/ N A S L A I N J  ' N A S O - L A C R I MA L  DAMAGE'  
/ MA L I N GE R ' MA L I N G E R I N G '
/ P A T D I S  ' P A T I E N T  D I S C H A R G E D ' .
VALUE LABELS
/ ' SEX 0 ' M a l e '  1 ' F e m a l e '
/ A G E  0 ' 0 - 9 '  1 ' 1 0 - 1 9 '  2 ' 2 0 - 2 9 '  3 ' 3 0 - 3 9 '  4 ' 4 0 - 4 9 '  5 ' 5 0 - 5 9 '  6 '
7 ' 7 0 - 7 9 '  8 ' 8 0  & O V E R '
/ MONTH 1 ' J A N U A R Y '  2 ' F E B R U A R Y '  3 ' MARCH'  4 ' A P R I L '  5 ' MAY'  6 ' J U N E
8 ' AU GU S T '  9 ' S E P T E M B E R '  10 ' OC T OB E R '  11 ' NOVEMBER'  12  ' DEC 
/ C A U S E I N J  0 ' CAR ( NO S EAT B E L T ) '  1 ' CAR ( S E A T  BELT O N ) '  2 ' CAR ( B A
3 ' MOTORCYCLE'  4  ' OTHER R T A ' 5 ' ALLEGED A S S A U L T '  6 ' A S S A
7 ' F A L L '  8 ' F A L L + A L C O H O L ' 9 ' S P O R T '  10 ' I N D U S T R I A L '  11 '
12 ' E P I L E P S Y '  13 ' OTHER'
/ A M N E S I A  0 ' A B S E N T '  1 ' R E T ROGRADE '  2 ' P O S T - T R A U M A T I C  3 ' B OT H'
/ SEVAM 0 ' NO P - T  A MN E S I A '  1 ' VERY MI L D '  2 ' M I L D '  3 ' MODERATE'  4 ' S i  
5 ' VERY S E V E R E '  6 ' EXTREMELY S E V E R E '  7 ' DATA N / A '
/ P REOF ' AS S  0 ' NO'  1 ' Y E S '  2 ' NO A S S E S S M E N T  AT ALL'
/ E Y E H I S T  0 ' NO'  1 ' G L A S S E S '  2 ' A MB L Y O P I A '  3 ' S Q U I N T '  4 ' S U R G E R Y '
5 ' OLD EYE I N J U R Y '  6 ' C OMB I N A T I O N  & OTHER'
/ A F F E Y E  0 ' N E I T H E R ' 1 ' R I G H T '  2 ' L E F T '  3 ' B OT H'
/ M A L S I T E  0 ' NO FRACTURE'  1 ' T YP E  I '  2 ' T Y P E  I I '  3 ' T Y P E  I I I '  4- ' TYI
5 ' TYPE V'  6 ' T Y P E  V I '  7 ' T YP E  V I I '  8 ' U N D E F I N E D / O T H E R '  
/ M A X 3 I T E  0 ' NO F RACTURE'  1 ' L E FORT I '  2 ' L E FORT I I '  3 ' L.E FORT II
4 ' C O M B I N A T I O N / O T H E R '
/ O T H S I T E  0 ' NONE'  1 ' N . O . E . '  2 ' N A S A L '  3 ' S KULL ( O C C I P I T A L ) '
4 ' S KULL ( T E M P O R A L ) '  5 ' S KULL ( F R O N T A L ) '  6 ' COMB I N A T I O N / O "
/ T R E A T  0 ' NI L. '  1 ' E L E V A T I O N  ONLY'  2 ' E + P I N S '  3 ' E + K WI R E '  4  ' E+WI Ri
5 ' E + WI RES + P I N S ' 6 ' E + WI R E S + K  WI R E '  7 ' E + PACK'  8 ' E + PACK + WIf
9 ' E + PACK + P I N 3 ' 10  ' E + PACK + K WI R E '  11 ' E + WI RES  + P I N S  + P A C K '
12  ' FLOOR E X P L O R A T I O N '  13 ' O . F . E . + S I  L A S T I C  ' 14  ' O . F . E . + F ' A C K
15 ' O . F . E . + O T H E R '  16  ' C O M B I N A T I O N '
/ MOTAB 0 ' NO'  1 ' Y E S '
/ E Y E D E V  0 ' NO'  1 ' Y E S '
/ S Y M D I P  0 ' NONE'  I ' DATA N / A '  2 ' MI L D '  3 ' MODERATE'  4 ' S E V E R E '
/ E X A D I P  0 ' NONE'  1 ' C L O S E  TO M I D L I N E ' 2 ' I N  EXTREME GAZE '  3 ' AF TE R
/ E Y E P A I N  0 ' NONE'  1 ' ON E L E V / D E P R '  2 ' ON A D D / A B D ' 3 ' C O M B I N A T I O N '
/ C O N V  0 ' NORMAL'  1 ' U / K  I N S U F F I C I E N C Y '  2 ' MI L D  I N S U F F I C I E N C Y '
3 'MOD I N S U F F I C I E N C Y '  4 ' S E V E R E  I N S U F F I C I E N C Y '
/ EOM 0 ' F R E E '  1 ' R E S T R I C T E D  UP'  2 ' R E S T R I C T E D  DOWN'  3 ' R .  ON ADDUC*
4 ' R .  ON A B D U C T I O N '  5 ' R . ON ADD & A B D ' 6 ' C O M B I N A T I O N '  8 ' F I >
/ E N T R A P  0 ' NONE'  1 ' FLOOR ENTRAPMENT'  2 ' MEDI AL WALL E N T RA P '
3 ' ROOF ENTRAPMENT'  4 ' C O M B I N A T I O N '
/ N E R V P A L  0 ' NONE'  1 ' I l l r d ,  S U P E R I O R '  2 ' I l l r d ,  I N F E R I O R '  3 ' I V t h  r
4 ' V l t h  N ERVE'  5 ' V l l t h  NERVE'  6 ' C O MB I N A T I O N '
/ T R O C H I N J  0 ' NO'  1 ' Y E S '
/ E X E R C I S E  0 ' NO'  1 ' Y E S '
/ S Q U I N T  0 ' NO'  1 ' Y E S '
/ D I P R E C  0 ' NO D I P L O P I A '  1 ' S E C O N D S / M I N U T E S '  2 ' H O U R S / D A Y S '  3 ' DAYS ,
4 ' 1 / 1 2 - 6 / 1 2 '  5 ' 7 / 1 2 - 1 2 '  6 ■> ONE Y E A R 1
/ H E A D P O S T  0 ' N O ' I ' Y E S '
/ E Y E A 6  0 ' NO'  1 ' Y E S '
/ NE URAN 0 ' NONE'  1 ' S U P R A - T R O C H L E A R  ' 2 ' S U P R A - 0  R B I T  A L ' 3 ' ZYGOMATI C
4 ' Z YGO MA T I C O - F A C I A L  ' 5 ' I N F R A - O R B I T A L . '
/ E Y E D I S P  0 ' NONE'  1 ' UP  D I S P L A C E M E N T '  2 ' DOWN D I S P L A C E ME N T '
3 'MED D I S P L A C E ME N T '  4 ' LAT D I S P L A C E ME N T '
‘ ' ~  E M P 0  R A R Y ' 1 ' PERMANE NT '
/ P R O P T  0 N O ' 1 ' YE S '
/ ENOTHALM 0 ' NO' 1 ' YES '
/ BULBHAEM 0 ' NO ' 1 ' YES '
/ O R B I T A I R 0 1 NO ' 1 ' YES '
/ L . I D I N J  0 ' N O N E ' 1 ' S W E L L I N G / B R U I S E '  2 ' L A C E R A T I O N '
/ CONI NJ  0 ' N O N E ' I ' C H E M O S I S 1 2 ' S . C . H . ' 3 ' L A C E R A T I O N '
/ C O R I N J  0 ' N O N E ' 1 ' A B R A S I O N '  2 ' P UNCT URE  WOUND'  3 ' L A C E R A T I ON
/ P U P I L I N J  0 ' NONE'  1 ' TRAUMATI C M Y D R I A S I S '  2 ' S P H I N C T E R  P U N C T U R E 1 
3 ' TRAUMATI C M I O S I S '  4 ' H I P P U S '  5 ' C O M B I N A T I O N '
/ I R I S I N J  0 ' NONE'  1 ' I R I D O D I A L Y S I S ' 2 ' HYPHAEMA'  3 ' P R O L A P S E '
/ A N G R E C  0 ' NONE'  1 ' <  9 0  D E G R E E S '  2 ' 9 0 - 1 8 0  D E G R E E S '  3 ' 1 8 0 - 2 7 0  DEG
U ' 2 7 0 - 3 6 0  D E GR E E S '
/ L E N S I N J  0 ' NONE'  1 " V O S S I U S 1 RI NG"  2 ' D I S L O C / S U B L U X ' 3 ' T RA U MA T I C
4 ' RUPTURED C A P S U L E '
/ P H O T E 3 T  0 ' N E G A T I V E '  1 ' P O S I T I V E '  2 ' NOT DONE'
/ V A  0 ' NONE '  1 ' MI LD R E D U C T I ON '  2 ' MODERATE R E D U C T I O N '  3 ' S E V E R E  RE
4 ' L O S S  OF V I S I O N '
/ V F  0 ' N ON E '  1 ' CENTRAL L O S S '  2 ' P E R I P H E R A L ,  1 D I R E C T '  3 ' >  ONE DI R
3 'ALL.  D I R E C T I O N S '
/ A C C  0 ' NONE'  1 ' MI LD F A I L U R E '  2 ' MODERATE F A I L U R E '  3 ' S E V E R E  F A I L U  
/ C OMR E T  0 ' NONE'  1 ' M I L D / R E S O L V I N G '  2 ' MODERATE'  3 ' S E V E R E '
/ C H O R I N J  0 ' NONE'  1 ' ONE TEAR'  2 ' >  ONE TE AR'  3 ' MACULA I N V O L V E D '
/ R E T I N J  0 ' NONE'  1 ' V I T R E O U S  F L O A T / D E T '  2 ' V I T R E O U S  HA E M' 3 ' RPE DE
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1 1 4 3 6 6  
1 3 1 6 0 2  
0 8 7 4 8 2  
1 3 5 9 6 5  
0 4 9 4 5 5  
1 3 7 7 8 9  
13 3 7 6 6  
1 3 7 2 9 5  
1 3 6 7 8 4  
1 3 0 6 0 9  
13 5 9 1 2  
1 3 1 0 9 7  
1 3 7 7 7 0  
1 3 6 4 4 2  
13 2 1 6 6  
1 3 6 3 6 6  
1 3 1 4 8 6  
1 3 0 4  1 5 
0 9 7 6 2 0  
1 3 8 2 9 2  
1 3 7 5 9 5  
1 3 5  1 3 5  
1 3 2 8 9 0  
1 3 7 5 7 0  
13 0 2 1 9  
0 7 2 0  1 2 
1 3 5 3  1 7 
13 5 13 6 
1 3 0 9 4 7  
1 2 9 8  1 7 
1 3 7 8 0 0  
1 3 6 4 5 3  
1 3 0  1 3 0  
1 3 5 3 7 0  
1 3 7 9 5 4  
13 10 12 
1 3 5 9 3 4  
13 7 2 15 
1 3 5 9 6 4  
13 1 1 9 6  
13 2 1 3 6  
13 7 9 1 2  
13 5 5 0 0 
1 3 5 3 0 0  
1 3 0 2 5 1  
1 2 5 0 7  2 
13 0 9 7 1 
13 3 4 7 7
Coded Clinical Data
0 3  0 5 0 9 0 0 0 0 1 3 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
16  0 7 0 8 0 0 0 1 2 3 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 5 0 0 0 0 0 0  0 2  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
0 5  0 7 0 5 0 0 0 0  1 3 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
0 2  0 6 0 5 2 2 0 0 2 3 4 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0  1 2 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 1
0 2  0 3 0 5  10 1 0 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0  1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
0 4  0 5 0 6 0 0 1 0 1 4 0 2 0 5 1 0 0 2 0 0 6 0 0 0 0 0 3 0 1 0 2 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 1
0 3  0 5 0 3 0 0 0 0  1 4 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
0 3  1 2 0 6 0 0 0 0 1 4 0 0 0  5 1 0 2 2 0 0 0 0 0 0 0  0 4  0 1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
0 3  0 5 0 6 0 0 1 0 1 4 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 -
14 0 4 0 7 0 0 0 0 2 3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 5 0 0 0 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
0 8  0 5 0 7 0 0 0 6 2 4 2 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
13 0 9  0 4  3 7 0 1 1 3 0 5 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1
0 2  0 6 0 9 0 0  11 2 3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0  I 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
0 2  0 6 0 9 0 0 1 0 1 3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0  1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
0 3  0 2 0 6 0 0  1 0 2 4 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0  11
0 3  0 8 0 6  10 10  1 3 0 0 0 3  0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 5 2 0 0 0 0 0  1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
0 2  0 4  0 5 0 0 1 0 2 3 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
01  0 7 0 6 0 0 1 0 2 5 0 0 1 3 0 0 1 2  1 0 0 1 0 0 0  0 4  0 1 5 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0  1
0 2  0 5 0 6 0 0 0 2 2 3 0 6 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0  1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
0 2  1 0 0 0 3 3 0 0 1 3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 4  0 0 0 0 0 0 1
0 7  0 7 0 8 0 0  1 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
0 3  0 6 0 8 2 2 0 0 1 3 0 0 0 3  0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0  1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
13 0 1 0 7 0 0  1 1 1 4 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 5 0 0 0 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
0 3  0 9 0 7 0 0 0 1 2 5 0 0 0 7 1 0 0 3 1 0 7 1 0 0 1 0 4  0 1 5 0 0 0 1 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0  0 . 0 0 0 0
0 6  0 6  1 0 0 0 0 0 2 3 0 6 0 6  1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
0 2 1 1 0 9 0 0 1 0 1 7 0 0 0 7 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 5 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
13 0 6 0 5 0 0  1 1 2  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 5 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
0 3  0 2 0 5 0 0 1 0 1 4 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
0 3  0 1 0 6 0 0 2 0 2 1 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
0 4  0 6 0 6 0 0  1 0 2  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0  1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
0 1 0 6 1 3 0 0 1 0  1 5 0 0 0 0  1 0 1 1 0 0 1 1 0 0 0 0 4 0 1 5 2 0 0 0 1 1 1 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 1
12 0 6 0 5 0 0 0 7 2 7 0 0 0 1 1 0 0 0 0 0 5 0 0 0 0  0 0 0 1 5 0 0 0 1 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
0 2  0 2 0 6 1 0 1 0 2 4 0 0 1 6 1 1 2 2 2 0 5 0 0 0 1 0 4 0  1 5 0 0 0 0 0 0 0 2 0 0 0 2 0 0 0  0 1 0 1 0 0 0 1 0 1
12 0 3 0 7 0 0 0 0 0 3 0 0 0  2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
0 2  0 7 0 5 0 0 0 0  2 4  0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0  0 0 0 0 0  2 2 0  0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 1
0 3  0 6 0 6 0 0 0 0 2 3 0 2 0 2 1 1 0 2 0 2 0 0 0 0  1 0 4 0  1 0 0 0 0 0 0 0  1 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0  0 0 1
0 4  0 6 0 6 3 7 0 0 3 4 2 2 1 6 0 0 0 0 0 0 0 0 0 0 0 0 0  0 1 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 .
0 5 0 3 0 8 0 0  10 14 0 0 0 5  0 0 0 0 0 0 0 0 0 0 0 0 0  0 1 0 0 0 0 0 0 0  1 2 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0  1
0 4  0 6 0 6 2 7  1 0 2 3 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
0 2 0 3 0 5 0 0 0 0  2 4  0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0  0 1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 1
0 2 0 6 0 0 3 7 1 0 3 1 0 1  1 6 1 0 1  1 0 0 1  1 0 0 0  0 4  0 1 5 2 0 0 1 0 0 0 0 0 0 0 0 0 0  2 0 0 0 0 0 0 0 1 0  I
0 2 0 8 0 5 0 0 0 0 2 7 0 0 1 6 1 0 0 2 0 0 7 0 0 0 0 0 3 0 1 5 0 0 0 0 1 0 1 2 0 0 0 0  0 0 0 0 1 0 0 0 0 0 0 0 1
0 1 0 6 0 6 0 0 1 0 1  10 0 0 0 1 0 1  1 0 0 0 0 0 0 0 0 3 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 1
0 0 0 2 1 3 0 0 1 0 2 5 0  0 1 3 1 1 3 1 1 0 7  1 0 0 0 0 6  1 1 5 0 0 1  1 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0
0 2 0 2 0 8 1 0 0 2 3 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 5 0 0 0 0 0 0 1 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 1
13 0 4 0 6 0 0 1 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0  1
0 2  0 5 0 5 0 0 0 0 1 4 0 0 0 5 1  1 1 2 0 0 0 0 0 0 0 0 4 0  15 1 I I 0 0 0 1 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 1
0 2 0 6 0 9 0 0 0 0  1 3 0 0 0 3 0 0 0 0 0  0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0 1 0 0 0 0  0 0 0  0 0 0 0 0 0 0 0 0 0  1
0 3 1 0 0  1 2 7  1 0 1 3 0 0  0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0  1
U 'J
0 8 u
0 8 1
0 8 3
0 8 6
0 8  7
0 8 8
0 8 9
0 9 0
0 9 1
0 9 2
0 9  3
0 9 4
0 9  5
0 9  6
0 9 7
0 9  8
100
I 0 1
1 0 2
1 0 3
1 0 4
1 0 5
1 0 8
I 1 0
1 1 1
I I 2
1 1 3
I I 5
1 1 7
1 1 9
1 2 0
1 2 1
1 2 2
1 2 3
1 2 4
1 2 5
1 2 6
12 7
1 2 8
1 2 9
1 3 1
1 3 2
1 3 3
1 3 4
1 3 5
1 3 6
1 3 7
I 3 8
1 3 9
1 4 0
1 4 1
1 4 6
1 4 7
1 4 3
1 4 9
15 2
1 5 4
1 5 5
1 5 6
1 5 7
1 5 8
i 6 0
1 6 2
i 6 3
1 6 4
1 6 5
'i 6 6
i 7 3
1 J 1 S i t u 3 u 6 u a u u 0 Li I 4 u 0 u 5 1 u 1 2 0 0 u 0 0 u 0 u u 0 1 5 0 OuOu 0 I 0 0 0 0 u 0 u u u GOu 0 0 0 0 u '
1 3 5 9 ~ 8 0 3 0 5 0 5 0 0 10 2 3 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 10  0 0 0 0 0 0 0 0  0 0 0 0 0 o 0 0 :
1 3 2 2 1 4 0 2 0 8 0 6 0 0 0 0 2 5 0 0 13 10 12 0 0 7 0 0 0 0 0 4 0 15  0 0 0 10 0 0 10  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
13 2 1 12 0 2 0 8 0 6 2 7 10 2 5 0 0 13 10 12 0 0 1 1 0  0 10 3 0 10 0 0 0 10 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
13 2 7 6 7 0 2 0 9 0 5 0 0 0 0 2 3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0  0 0 1 2 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0  1
13 14 5 8 1 2 0 6 0 5 0 0  1 0 2  1 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0  1 0 0  0 0 0 0 0  1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
1 3 7 0 7 3 0 2 0 5 0 5 0 0  10 1 3 0 0 0 3 0 2 2  1 0 7 0 0 0 0 0 0 3 0  10 0 0 0  0 0 0  1 2 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0  1
13 7 2 0 1 0 2 0 6 0  9 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0  1
13 7 7 6 3 1 2 0 6 0 5 0 0 0 0  1 1 0 0 0 0 0 0 0 0 0 0 0  0 0 0  0 0 0 0  1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
13 6 9 7 6 0 4 0 5  0 7 0 0 0 0 0  10 0 0 0  0 0 0 0 0  0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0  0 0 0 0  1
1 3 4  1 4 6 14 1 1 0 7 0 0 0 0  2 4  0 0 0 3 0 0 0 0 0 0 0 0 0 0  0 0 0 0  I 5 0 0 0  0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0  0 0 0  0 0 1
1 3 6 6 2 6 0 5 0 4 1 0 0 0 1 0  2 4 0  2 0 2  0 0 0 0 0 0 0 0 0 0 0 0 0 0  i 0 0 0 0  0 0 0  2 2 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0  1
13 5 9 7 5 0 2 0 3 0 6 2 7  1 0 2 4 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
13 15 7 8 0 1 0 7  0 3 2 7 1 0 2 5 0 2 1 3 1 0 3 2 0 0 1 1 0 0 0 0 2 0 1 5 0  0 0 0  0 0 1 2 0 0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  1
1 3 6 5 8 5 0 5 0 2 0 8 0 0 1 2  1 7 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0  0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
1 3 24 9 1 0 1 0 9 0 7 0 0 0  9 1 5 0 0 1 3  1 0 2 2 0 0 3 0 0 0 0 0 3 0 0 5 0 0 0  0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0  1
13 6 4 3 5 0 2 0 3 0 5 0 0 0 3 1  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  I
0 7 7 4 5 2 0 1 0 2 0 7  1 0 0 7 3 3 0 0 0  1 0 0 0 0 0  0 0 0 0 0 0 0 0 0  1 0 0  0 0 0  0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0  1
1 3 5 2  13 0 1 0 1 0 7 0 0  1 1 2 3 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0  0 1
1 3 3 9 2 2 0 2 1 1 0 5 2 7 1 0 1 4 0 0 0 6 1 0 0  0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0  1
13 3 5 10 0 2 1 0 0 9 0  0 1 0 2 3 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
13 6 2 18 0 2 0 3  12 1 0 0 2 4 0 6 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0  0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0  1
1 3 8 2  5 4 0 2 0 7 0 6 3 7 1 0 1 3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1  5 0 0 0  0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
1 3 6 0 3 9 0 2 0 3  0 5 0 0 1 0 2 5 2 2 1 3 1 0 2 2 0 3 3 0 0 0 1 0 4 0 1 5 2 0  0 1 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
1 3 5 2 9 0 1 6 0 2 0 7 0 0 1 0  1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0  0 0  1 2 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0  I
13 3 4 7 6 0 2 1 0 0 9 0 0 2 0 2 3 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
12  9 8 2 5 1 2 0 4  0 5 0 0 0 2 2 3 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0  0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0  1
13 17 12 0 3 0 6  0 6 2 7 0 0  1 3 0 5  1 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 5 0 0 0 0 0 0  1 2 0 0 0 0 0 0 0 0 2 0 2  0 0 0 0 0  1
I 3 7 4 4 5 0 4 0 6 0 5 I 0 1 1 2 4 0 2 0 6  1 0 2 2 0 0 I 0 0 0 0 0 3 0 1 0 0 0 0 0 0 0  1 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0  1
13 14 7 6 0 3 0 7 0 9 0 0 0 0 1 5 0 0 1 3 1 0 1 2 1 0 1 1 0 0 0 0 3 0 1 5 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 2 0 1 0 0 0 0 0  1
13 6 4 9 9 0 7 0 2 0 7  0 0  1 1 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0  0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0  1
1 3 5 7 9 8 1 2 0 3 0 3 1 0 0 1 3 0 0  1 0 3 0 0  0 0  0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
1 1 4 0 4 2 1 I 0 4 0 6 0 0 0 1 2 7 2 1 1 6  1 1 3 1 1 0 3 1 0 0 0 0 6 0 1 5 2 0 1 0 0 0 1 2 0 0 0 0 0 0 0 0 2 0 0  0 0 0 1 0 0
13 5 8 9 9 0 2 0 4  0 9 0 0 1 0 2 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 5 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
1 3 5 8 4 9 0 2 0 2 0  5 0 0 0 3 1  3 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0 1  2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
1 3 0 4  1 7 0 5 0 5  1 1 0 0 0 0 2 3 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0  1 2 0 0 0 0 0 0 0 0  10  1 0 0 0 0 0  1
13 10  2 9 I 2 0 6 0 5 0 0 1 0 2 1 0 0 0 0 1 0 2 2 0 0 0 0 0 0 0 0 3 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0  I
13 7 5 8 9 0 3 0 6 0 8 2 7 1 1 1 4 0 0 1 6 0 0 0 0  0 0 0 0 0 0 0 0 0 0 1 0 2 0 1 9  0 0 1 2 0 0 3 0 0 0 1 0 1 0 1 0 0 0 0 0  1
13 5 8 7 1 0 3 0 4 0 6 2 7  1 0 2  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0 1 2 0 0 0 2 0 0 0 0  10 1 0 0 0 0 0  I
13 2 8 6 3 0 6 0 9 0 6 3 7 0 5 3  4 2 6 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 2  0 0 0 0 0 0 0 0 3 0 0 0  0 2 0 0  1
1 3 7 9  13 0 5 0 7 0 8  2 7 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0  1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
13 14 5 2 0 3 0 6 0 6 0 0  1 2 2  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 5 0 0  1 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
1 3 2 7 7 9 0 5 0 8 0 5 2 7 0 0 2 4 0 5 0 4 1 0 2 2 0 0  2 0 5 0 1 0 4 0 1 0 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0  0 0 0  01
13 7 5 6 0 0 2 0 6 0 6 0 0 0 0 1 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0  0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0  1
1 4 0 4 6 3 0 2 1 2 0 5  2 2  10 1 5 0 0 0 0  1 0 0 2 0 0  1 0 0 0 0 0 5 0  1 0 0 0 0 0 0 0  1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0  1
1 3 0 5 0  7 0 0  10 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0  0 0 0 0  1
13 0 8 7 8 0 2 0 2 0 5 0 0 0 0 2 3 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 5 0 0 0 0 0 0  2 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0  1
1 3 6 4  1 0 14 0 2 0 6 0 0 1 0 1 1 0 0 0 1 1 0 0 2 0 0 0 0 0 0 0 0 0 0 1 0 0  0 1 0 0 0  1 2 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0  1
1 1 6  2 9 1 0 4 1 0 0 5  10 1 0 3 3 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 2  0 0 0 0  0 1 2 0 0 0 0 0 0 0 0  1 0 1 0 0 0 0 0  1
1 3 5 8 7 6 0 5 0 4 0  5 0 0 1 0 2 0 2 6 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0  0 0 1 2  0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0  1
13 7 2 7 2 03 0 5 0 6 3 7 0 0 3 4 2 0 1 6 0 0  0 0 0  0 0 0 0 0 0 0 0 0 1 0 2 1 0 1 0 0 1 2  0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 1
13 5 9 9 1 0 3 0 3 0 5 2 7  1 2 2 7 0 0 0 6 0 0 0  0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0  0 0  12 0 0 0 0 0 0  1 0 2  0 10 0 0 0 0  1
13 3 9 13 0 3 1 1 0 6 0 0 0 5  1 3 0 0  0 1 0 0 0 0 0  0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0  1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
13 6 19 9 1 1 0 3 0 4 1 0 1 0 1 7 0 0 0 4 1 0 0 2 3 2 2 0 0 0 0 0 3 0 1 0 0 0 1 0  0 0 1 2 0 0 0 0 0 0 1 0 1 0 1 0  0 0 0 0  1
1 3 7  7 8 4 0 4 0 6 0 7 0 0 0 0 1 3 0 0 0 3  0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 1
1 3 0 8 9  1 03 0 5 1 0  9 0 1 6 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 1 5 0 0 0  0 0 0 1 2 0 0 0 0 0 0  0 0 0  0 0 0 0  0 0 0 1
13 7 5 8 8 0 3 0 6 0 5 0 0 0  1 1 3 0  0 0 5  1 1 2 0 0 0  0 0  0 0 0 0  10 1 0 0 0  0 0 0  0 0 0 0 0 0 0  10 0 0 0 0 0 0 0 0 0 0  1
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4 5  3 14 1 0 2 2 0 6 0 1 0 4 2 3  0 1 0 4 0  0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0  0 0 0 0  1
4 5 4 14 0 9 2 3 0 2 1 2 0 6 2 3 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 5 0 0  0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0  1
4 5 5 14 0 7 8 3 I 2 1 2 0 5 0 0 0  1 1 6 0 2  1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0  I 5 0 0 0 0 0 0  1 2 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0  1
4 5 6 1 4 0  3 24 0 2 1 1 0 1 2 31  1 2 4  0 0 0  0 0 0 0  0 0 0 0  0 0 0 0  0 0 0 1 0 0  0 0 0 0 0  1 2 0 0 0 0 0 0 0 0 4 4 0 0 0 3 0 0  i
4 5  7 14 14 8 3 0 3 1 2 0 6 2  1 0 0 3 4 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0  0 0  0 0  1
4 5 8 13 9 6 17 0 2 1 0 0 9 0 0 0 0 2 2 0 0 0  1 0 0 0  0 0 0 0 0 0 0 0 0 0 0  1 0 0 0  0 0 0 0  1 2 0 0 0 0 0  0 0 0 0  0 0 0  0 0 0 0  1
4 5 9 1 3 7 9 0 3 0 3 0 6 0 8 0 0 1 0 1 1 0 0 0 0 1 0 0 2 0 0 1 0 0 0 0 0 3 0 1 0 0 0 0 0 0 0 1 2  0 0 0 0 0 0 0  0 0  0 0  0 0  0 0 0 1
4 6 0 14 1 0 3 9 0 1 0 3 0 6 0 0 0 0 2 4  0 0 0  1 0 0 0  0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0  1 2 0 0 0 0 0 0 0  0 0  0 0 0  0 0 0 0  1
4 6 1 1 4 0 3 3 8 0 2 1 1 0 9 0 0 0 0 0 7 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 1
4 6 2 1 4 0 4 4 7 1 1 1 1 0 1 0 0 0 0 2 5 0 6 1 6 1  13 1 1 2 7  1 4 0 0 0 5 0 1 5 0 0 0  1 0 0 1 2 0 0 1 0 0 0 0 0 2 0  0 1 0 0 0 0  1
4 6 3 1 3 8 5 0 9 1 2 0 8 0 2 2 2 0 2  1 4 0 0 0  1 0 0 0  0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0  1 2 0 0 0 0 0 0  0 0 0 0  0 0  0 0 0 0  1
4 6 4 14 1 0 0  1 0 6 1 2 0 6 0 0  1 0 2 0 0  10  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0  1 2 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0  1
4 6 5 14 i 8 6 3 16 0 2 0 5 0 0 0 1 1 7 0 0 0 2 0 0 0 0  0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0  0 0 0  0 0 0 0  0 0 0  1
4 6 6 1 3 9 6 2 5 0 3 10 1 0 0 0  0 1 3 7 1 6 0 0 1 0 3 1 1 0  7 3 4-1 0 0 5 0 1 5 2 0 0  1 0 0  1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1
4 6 7 I 4 2 4 0  1 1 1 0 3 0 6 0 0  1 0 0 1 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0  I 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0 0  1
4 6 8 14 1 0 4 9 0 2 0 1 0 7 0 0 0 0 2  5 0 2  13 1 0 0 2  1 0 3 0 0 0 0 0 3 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0  0 0 0 0  0 0 0 0  1
4 6 9 14 2 1 1 6 0 2 0 3 0 5 0 0 0 0 0 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0  0 0 0 0  i
4 7 0 1 3 9 8 7 2 0 2 1 0 0 0 2 5 0 0 2 0 0 2 0 0 1 0 2 0 0 4 0 0 0 0 1 0 0 0 1 5 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0  0 0 0  0 0 0  1
4 7  1 1 4 2  1 4 4 0 1 0 1 0 7 0 0 0 0 1 5 0 0  1 3 1 0 2 2 1 0 1 1 0 0 0 0 3 0  1 0 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
4 7 2 0 1 1 1 0 9 0 0 0 1 2 5 0 0  13 1 0 2 2 2 0 5 0 0 0 1 0 3 0 1 0 0 0 0 0 0 0 1 2 0 0 1 0 0 0 0 0 0 0 0 0  0 0 0 0  1
4 7  3 1 4 2  1 3 4 0 4 0 3 0 7 0 0 0 0 2 4 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 5 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0  0 0  0 0 0 0 0 0 0 1
4 7 4 1 3 9 9 8 4 0 2 1 0 0 5 0 0  1 0 2 3  0 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0  1 5 0 0 0 0 0 0  1 2 0 0 0 0 0 0 0  10 0 0 0 0  0 0 0  1
4 7  5 1 3 9 6 5 0 0 1 1 0 0  127  1 2 2  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0  0 0 0 0  1 2 0 0 0 0 0 0 0 0 0  0 0 0  0 0 0 0  1
4 7  6 1 4 0 2 0 6 0 4 1 1 0 6 0 0 1 1 1 5 0 0 1 3 1  0 0 2 1 0 1 1 0 0 0 0 3 0 1 0 0 0  0 0 0 0  1 2 0 0 0 0 0  0 0 0  0 0 0 0  0 0 0 0 'i
4 7 7 1 4 0 4 6 0 03 1 2 0 5 0 0 0  1 0 3 0 0 0  1 0 0 0 0 0 2 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0 0  1
A P P E N D IX  4  
C A N N IE S B U R N  H O S P IT A L  A P P E N D IX  S H E E T  C 
M A X IL L O F A C IA L  IN J U R IE S
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Card No. | A [ 1
CANNIESBURN HOSPITAL 
REGIONAL PLASTIC AND 
ORAL SURGERY UNIT 
APPENDIX SHEET C (1) 
MAXILLO FACIAL INJURIES
HOSPITAL NUMBER 
SURVEY NUMBER 
NAME...........................
□
Age.
Sex., □
2-8
9-14
15
GENERAL DATA not recorded elsewhere
TREATMENT PRIOR TO ARRIVAL
Dressings...,
Sutures.......
Operations.
Tetanus Toxoid...,
A ntibiotics.............
Started (tim e). 
Other Drugs.........
7 . dental surgery
8 . fall
6. alleged assault 9 . other
I.V. Fluids.
CAUSE OF INJURY
0. car (no seat belt) 4 . sport
1. car (seat belt) 5. industrial
2. m otor-cycle
3. other RTA
DATE OF ACCIDENT
TIME OF ACCIDENT (24 hour clock)
REFERRING HOSPITAL AREA BO A R D
1. Greater G lasgow  2. Argyll and Clyde
3. Lanarkshire 4. Forth V alley
5. Ayrshire & Arran 6. D um fries & G allow ay
7. O th e r ...........................................................................
PLACE OF ACCIDENT
1 .h o m e 3 . public
2. work 4 . other
SOURCE OF REFERRAL..............................................
□
day month year
I
□
16
17-22
23-26
27
□ 28
DATE FIRST EXAMINED
day month year
29-34
TRANSPORT
1. stretcher 2 . chair 3 . walking □ 35
PRELIMINARY ASSESSMENT
CEREBRAL STATE
0 conscious 1 unconscious
If unconscious, specify depth
1 responds to  command
2 responds to  pain
3 no response
Pulse rate per minute
□
□
36
37
AIRWAY
0 clear 1 obstructed
38-40
SHOCK
0 absent 1 present
(i.e. I.V. fluids needed)
EPISTAXIS
0  absent 2 left
1 right 3 both
BLEEDING FROM EAR
0  absent 2 left
1 right 3 both
□
□
□
47
48
49
50
PUPIL REACTION
0  Normal both
1 Abnormal either 41
If abnormal specify by appropriate ringing.
Right Left
dilated constricted dilated constricted
Light reflex brisk slow  nil brisk slow nil
Accom m odation brisk slow nil brisk slow nil
Consensual Reflex present absent present absent
C.S.F. LEAKAGE
0  nil
1 rhinorrhoea
AMNESIA
0  absent
2  R . otorrhoea
3  L. otorrhoea
1 present
4  combined □
□
4 2
4 3
If present R A / PTA/  BOTH 
delete as appropriate.
ASSOCIATED INJURIES
(non maxillo-facial)
O none 1 present
If present specify
1 skull 4  other fractures
2  thoracic cage 5 other
3  abdominal 6 multiple
51
52
DURATION
1 hours
2  days
3  weeks
45-464 4  Number
MAXILLO-FACIAL EXAMINATION: Extra-Oral
INSPECTION
Chart injuries below: extent in cms.
special features — penetrating nerve injury, etc.
SOFT TISSUE INJURIES
0 none 4 lacerations
1 abrasions 5 bruising
2  puncture wounds 6 swelling
3  tissue loss 7 multiple
53
54
PALPATION
Orbital margins........................................................................................................  Mandibular borders.
Nasal bones................................................................................................................ .......................................
Malar............................................................................................................................  Maxillary stability...
C ondyles..................................................................................................................... ......................................
OTHER OBSERVATIONS
MAXILLO-FACIAL EXAMINATION: Intra-Oral
Lacerations
Ecchymosis
0  none 
0  none
Occlusion 0  normal
If deranged, specify
1 present 
1 present
1 deranged
Mandibular midline 
0  normal
If displaced specify.
Maxillary midline 
0 normal
If displaced, specify
Dentures 0 none
1 intact
2 broken
3 lost
4  at home
55 Teeth (count only teeth usable for splint fixation)" 
0  edentulous56
57
1 lower anteriors only
2 less than 7 teeth
3  7-16 teeth
4 17-full dentition for age
1 displaced □  58
1 displaced
□
CJ1 CO
Dental Injury
broken 0  no 1 yes
chipped 0  no 1 yes
Subluxed 0  no 1 yes
Avulsed 0  no 1 yes
Specify details..
upper
lower
60
61
E H®
Oral Hygiene 
1 good 2  fa ir 3 poor
6C
64
65
66
□ 67
Chart as follows: —
missing teeth
teeth for extraction  
(write reason adjacent)
roots
unerupted teeth
± 1
®J
X I
e d c b a a b c d e
8  7 6 5 4 3 2 1 1 2 3 4 5 6  7 8
8  7 6 5 4 3 2 1 1 2 3 4 5 6  7 8
e d c b a a b c d e
RIGHT LEFT
Card No. \ B 1 i
Repunch Colum ns 2-14 from Card A 2-14
MIDDLE THIRD FRACTURES
FRACTURES: ZYGOMATICO MAXILLARY or ORBITAL
(definitive assessment; if necessary, postoperative)
FRACTURES: MAXILLA
(definitive assessment; if necessary, postoperative)
0  intact
1 unilateral
2 bilateral
0  intact
1 fractured
□□2829
Only com plete this section if these regions fractured 
MALAR FRACTURE SITES
0 intact
1 undisplaced (any site)
2 zygomatic arch only
3 Tripod F.Z. suture undistracted
4 Tripod F.Z. suture distracted
5 pure blow-out
6 orbital rim only
7 comminuted-other than above
CLINICAL FEATURES
Facial flattening
0  no
1 yes
Infraorbital anaesthesia
0  no
1 yes
Trismus
0 no
1 yes
Recent epistaxis
0  no
1 yes
Subconjunctival ecchym osis
0  no
1 yes
Diplopia 0  no 
1 yes
chart distribution 
thus 1 or 11: — or =
Eye movements
0  normal
1 abnormal
15-16 ORBITAL INVOLVEMENT
0  not involved 3 roof
1 floor only 4  lat. wall plus/minus floor
2 medial wall 5 multiple
PUPIL LEVEL
0  normal 1 abnormal
specify if abnormal
R L
ENOPHTHALMOS
0  normal 1 yes
INJURY TO GLOBE
0  no 1 yes
19-20 specify if injured
R L
□ 21
INJURY TO LACRIMAL APPARATUS
22-23
0  no 1 yes
R L
24-25 specify if injured
R L□2 6
VISUAL ACUITY
j 127 o no 1 yes
R L
R L
R L
/ /
30-31
32-3C
34-3E
36-37
38-39
I I PREOPERATIVE OPHTHALMIC ASSESSMENT I---------1LJ 4 0
describe abnormality if present:—.
MAXILLARY FRACTURE SITES
(classify MAJOR fracture on each side)
0  nil
1 Le Fort I
2 Le Fort II
3 Le Fort III
4 com bined I, II or III
5 tuberosity
6  alveolar (except 5)
7 other
PALATAL SPLIT
0  nil 1 present
INFECTION
0  no 1 yes
if present specify
41 -4 2
□□
4 3
4 4
DESCRIPTION
A 1 simple 3 com pound extra-orally
2  com pound intra-orally 4 com pound both
B 0  undisplaced 2  displaced
RACTURES: NASAL BONES (defini tive assessm ent;  if necessary ,  p o s to p era t iv e )
0  in tac t 1 fractured □56
„ASSI F IC A T IO N
1 und isp laced
2 dep ressed  bridge
3  dev ia t ion
4  ex tens ive  naso -e th m o id □47 S E P T U Mh a e m a t o m a  0  n o  1 yes
f r a c tu re  d e t e c t e d  0  n o  1 yes
S U B P E R I O S T E A L  H A E M A T O M A
0  n o  1 yes
57
58
□ 5 9
^ACTURES: CRANIO FACIAL
o n ta l /T e m p o r a l  
Sphenoidal
o n ta l  s inus F r ac tu re d
0  In ta c t
1 F r a c tu re d
0  no
1 yes
□
□
48
49
MANDIBULAR FRACTURES
:RACTURES: MANDIBLE (def in i tive assessm ent;  if necessary ,  pos tope ra t ive )
0  in tac t 1 f r a c tu re d □ 6 0
Inly c o m p le te  these  s ec t io n s  if M A N D IB L E  F R A C T U R E D
R A C T U R E D  SIT E
1 c o n d y le
2 c o ro n o id
3  angle
4 b o d y
5 can ine
6  sy m p h y s is
7 ram us
8  alveolus
9  o th e r
0  m o re  th an  2  sites
ILASSI F IC A T IO N  (if s ingle o r  d o u b le )
1 Class I — te e th  o n  b o t h  f ragm en ts
2 Class II — te e th  o n  on ly  1 f r ag m en t
3 Class III — e d e n t u lo u s
tN G L E /B O D Y  F R A C T U R E S
1 H F V F
2 H F V U
3 H U V F
4  H U V U
5 n o t  classifiable
□  50 
□  «
52
53
54
53
IN F E C T IO N  O n o
if p r e s e n t  spec i fy
1 yes
□ 61
D E S C R IP T IO N  (m a in  site /s )
A 1 s im p le  3  c o m p o u n d  ex t ra -o ra l ly
2 c o m p o u n d  in tra-o ra l ly  4  c o m p o u n d  b o t h □
B 0  u n d is p la ce d 1 d isp laced
C 0  n o n - c o m m i n u t e d  2  c o m m i n u t e d  
1 G re e n s t i c k
D 1 b o n e  loss 0  n o  b o n e  loss
E 1 m e n ta l  D ysaes thes ia  0  no  c h an g e
6 2
6 3
64
6 5
66
Card No. C 1
Repunch Columns 2-14 from Card A
Note: where the same fixation contributes to the stability 
of fractures in more than one region complete for 
each region independently.
P R E L IM IN A R Y  T R E A T M E N T
(d e b r id e m e n t ,  removal o f  f r a g m e n ts ,  an t ib io t ic s ,  etc .)
TREATMENT
D E F I N I T I V E  T R E A T M E N T
0  nil 2 conse rva t ive  t r e a t m e n t  on ly
1 u n d e r t a k e n
T im e  e lap sed  s ince in ju ry  unti l de f in i t ive  t r e a tm e n t
5 > 7  daysn o t  k n ow n  
<  24  h o u rs  
1 -2 days
3-4 days  
5-7 days
□ 24
25
T r e a te d  as:
1 o u t - p a t i e n t  3  in -p a t ien t  o th e r  hosp i ta l
2  in -p a t ie n t  on  visi t 4  o th e r
O th e r  s p e c i f y .....................................................................................
□ 26
IM P R E S S IO N S
0  n o n e 1 taken □ 15
A na es the s ia
0  n o n e
1 general
R e d u c t io n
0  n o n e
1 c lo sed
2 o p e n
2 local analgesia
3 s ed a t io n  + L.A.
3  t r a c t i o n  ( inc lud ing  elast ics)
4  la te  r e f r ac tu re
5  o th e r
27
28
SUMMARY OF DEFINITIVE TREATMENT
FIXATION-MANDIBLE
IM F 0  n o n e
1 IMF — e y e le t  wir ing
2 IMF — a rch  bars  on  e i th e r  jaw
3 IMF — cast cap  sp l in ts
4 IMF — G u n n in g - ty p e  sp l in ts
5  IMF — o th e r
□
FIXATION-MAXI LL A
IM F 0  n o n e
1 IMF — e y e l e t  wir ing
2 IMF — a rc h  bars  on  e i th e r  jaw  , ■
3  IMF — cas t  c a p  sp lin ts  ' 1^9
4  IMF — G u n n in g - ty p e  sp lin ts
5  IMF — o t h e r
D
C o n n ec t in g  bar  used  
0  no  1 yes
O T H E R  F I X A T IO N
0  n o n e
1 LBW via incis ion
2 LBW via w o u n d
3  UBW
4 cortical wire
5 b o n e  p la te
6  p ins
7 t ranosse ous  c i rcum .  wire
8  o t h e r  in te rnal wiring
9  o th e r
If 8  o r  9  spec ify
□ 17
18
19
20
C o n n ec t in g  ba r  u sed  
0  n o  1 yes
O T H E R  F I X A T IO N
0  n o n e
1 c ra n io m ax i l la ry
□
2 c ra n io m a n d ib u la r
3 o th e r
S pec ify
1 h e ad cap
2 halo
3  s u p rao rb i ta l  pins
4  4-pin  b o x  f r a m e
5 o th e r  ex t ra sk e le ta l
6  in te rna l  s u spens ion  (c i rc u m z y g o m a t ic )
7 in te rna l  s u spe ns ion  ( f ron ta l  su spens ion )
8  o th e r  in te rna l  su spension
(inc lud ing  c o m b in e d  7 &  8)
9  o th e r
3 0
31
32
3 3
34
spec ify
ZYGOMATICO-MAXILLARY
0  n o  f ix a t io n
1 F .Z .  wir ing
2 in f r ao rb i ta l  wir ing
3  o t h e r  o rb i ta l  r im  wir ing
4 a n t r a l  pack
5 p in  f ix a t io n
6 m u l t ip l e  of above
7 o t h e r
sp ec ify ..............................................
ORBITAL FLOOR
21-22
N A S A L
0  n o  f ix a t io n
1 d i r e c t  wir ing
2 lead  p la tes  (or  similar)
3 PO P s p l in t  (o r s im ilar)  on ly  
„  4  o th e r
□2 3
E x p lo re d  
0 no 1 yes
if e x p lo re d
0 no  g ra f t  in se r ted
1 s ilast ic  s h ee t
2  b o n e  g ra f t
3  car ti lage g ra f t
4  o th e r  im p la n t
O T H E R  O P E R A T I V E  T R E A T M E N T
35 -3 6
37-38
R L
NOTES
DEFINITIVE REVIEW
DURATION OF FIXATION
(to nearest week)
If not possible to  determine
enter I in box 41 and state why below
CESSATION OF C S .F . LEAK (if relevant)
Number of days follow ing injury 
0 0  = not known
SCARS specify
0  none
1 present
2 present and may require revision
3 9 - 4 0
41
42-43
Persistant diplopia 
0  no 1 yes
Malocclusion
0  no 1 yes
Prolonged trismus 
0  no 1 yes
Prolonged paraesthesia
44
0  no
Anosmia 
0  no
Epiphora 
0  no
Other 
0  no
specify.
1 yes 
1 yes 
1 yes 
1 yes
49
50
51
52
53
54
55
COMPLICATIONS
0  none 1 present
Delayed union
0  no 1 yes
(i.e. y  4 /5 2  for maxilla y  6 /5 2  for mandible)
Non-union
0  no 1 yes
or
Malunion (Malar Flattening)
0  no 1 yes
sp ec ify ........................................................................................
OTHER COMPLICATIONS
45
47
48
ONTINUATION NOTES
A P P E N D IX  5  
D A TA  C O L L E C T IO N  S H E E T FO R  T H E  FO RCED  
D U C T IO N  AND FO R C E G E N E R A T IO N  T E S T S
413
DATA COLLECTION SHEET
D a t e  o f  E x a m in a t io n :
P a t i e n t ' s N a m e :
C o d e :
A g e :
S e x :  M [ ] F  [ ]
E y e :  R [ ] L  [ ]
P r o v i s i o n a l  D i a g n o s i s :
I n t r a o c u l a r  P r e s s u r e :  B e f o r e  t h e  T e s t  [
A f t e r  t h e  T e s t  [
1 L a t ( F D T )
2 L a t ( F D T )
3 M ed ( F D T )
4 M ed ( F D T )
5 S u p ( F D T )
6 S u p ( F D T )
7 I n f ( F D T )
8 I n f ( F D T )
9 L a t ( F G T )
1 0 M ed ( F G T )
1 1 S u p ( F G T )
1 2 I n f ( F G T )
C o m m e n t s :
] mmHg 
] mmHg
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